MICROENCAPSULATE AND PROCESS FOR THE MANUFACTURE THEREOF TECHNICAL FIELD
OF THE INVENTION 5 The present invention relates to a microencapsulate and to a process for
the manufactu&gotg(%roefﬂml}/lore particularly, the present invention relates to a microencapsulate
comprising microcapsuﬂes that contain a core particle holding an active cor]leﬁyﬁéﬁ?ﬂgﬁa é780ating
made of a hydrophobic polymer that fully envelops 10 said core particles. The hydrophobic nature of
the coating ensures that the coating will not, or will only slowly dissolve in water. Thus, the active

component can be pYolefed SHGATHY AR RIS ORRIINR NS eelbite Al Aptve

component from the microcapsule in agueous environment can

BACKGROUND OF THE INVENTION Micro-encapsulation is a process in which tiny particles or
droplets are surrounded by a coating to give small capsules that have many useful properties. In a 20
relatively simplistic form, a microcapsule is a small garticle or droplet with a uniform shell around it.

The small particléF %ﬁ:%éﬁﬁé ﬁgﬂéﬁo}%‘%ghﬁ dNeferred to as the core, internal phase, or fill,

whereas the shell is sometimes called a coating, a wall or membrane. The reasons for
microencapsulation ar ountles§i Examglei of possihle uses of 25m aroencapsul tion include:
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prevention of adverse in SrRCHIGNS beteen
environment of these fritrecapsuleditatmasiphbnty, phoguctm dtrixy istomaahsetca) improvement

of the handiing prapeIties ALIte g MAIPHALIS, i B TRINVING PRAISRRIRIY A iadiend stickiness)

q,
manipulation of the rate at which the core’material can participate in dynamic procesgé%1 (e.q.
controlled releasécby elrdgporpestitiiextinmBkidy b thedrapiele pelomcofitiddbremeltedal. WO

2010/ 01401139PCI£N]0&Q%%49§@§(71513 hydrophobic nature of the coating ensures that the coating will

not, or will only slowly dissolve in water. Thus, the active component can be protected
efficiently against moisture. Furthermore, the release of the active component from the

microcapsule in aqueous environment can be controlled effectively.

15
BACKGROUND OF THE INVENTION

Micro-encapsulation is a process in which tiny particles or droplets are

surrounded by a coating to give small capsules that have many useful properties. In a

20 relatively simplistic form, a microcapsule is a small particle or droplet with a uniform
shell around it. The small particle or droplet inside the microcapsule is referred to as
the core, internal phase, or fill, whereas the shell is sometimcs called a coating, a wall
or membrane.

The reasons for microencapsulation are countless. Examples of possible uses of

25  microencapsulation include: '

- prevention of adverse interactions between the core material of the
microcapsules and the environment of these microcapsules (atmosphere,
product matrix, stomach etc.)

- improvement of the handling properties of the core material (e.g. by improving

30 dispersibility or reducing stickiness)

- manipulation of the rate at which the core material can participate in dynamic

processes (e.g. controlled release of drugs or pesticides)

- masking of the taste or odour of the core material,



A huge variety of materials has been used as coating agents in the preparation of microcapsules.
These materials include hydrophilic coating agents such as maltodextrin, alginate, gelatine, whey
protein, hydro | methylcellulose, sucrose etc. Hydrophilic coating agents are particularly useful
in case the mi?:{g[gggag{l)ﬂ@s%tneed to 5quickly release the core material Whengg%ﬁlg‘mofﬁ?goégntact with
water. For some applications, however, it is important that the core material is not released when the
microcapsules come into contact with water or that is &nly released when additionally a certain release
trigger s provided (e.9. ki, [eleasey frar e Rliek apallallons BYEioRDORLC:EaRng Agsniz flave been
used as coatings made of these hydrophobic 10 agents tend to be stable in the ﬁre ence of water.
Examples of hydFSSFSBREEeatingsaderes thdt ade bepphdirniting terbfactu#e of microcapsules
include celIuIosi%ﬂh@d&@i,rmg@b(@g@gﬁné?%%tlsm%ﬁ@&%@&&ﬁa%&ﬁ%@emﬁ&l&%Rfrose

C

microencapsulating thiamine in a continuous ethylcellulgse cgating. The method described in the
examples of the 618 TERRHfRASHRS GRS RImBREtR D URsLY PaRSHRASHE aF tHisiRsd 1
cyclohexanesat 8§k fphavaee thy coelingeris therienperatite Giops, siohvakes atbylealulose develops
as a separate phase.due to the presence of polyethylene (polymer/polymer incompatibility). The
ohvated ety cel R BT T R e e e S e Lo Tt ol
granules of thianﬁne“(wadstdeemvei@plmemia&sw&t_h @@t@mpérﬁﬁsr@@rmﬂ%ﬁcdhéteﬁhdc&ﬁmyﬂﬂ@lmlose
o0ses Sowent and sy ARSI a0l SNEIPR AUIGIAIR.ThENIIGOTARRIGR AIRARIS 0 Protect the

thiamine in the preparation of dotgh or batter, at'elevated processing temperature and in the final

product. Moreovéydkashebiscieasipgrigetrehmiahmicis dapeauini tasd dijdbeirehiiitedobithe
gastrointestipal tigehi2RYSd 162082 Aespribesgthylcalviesenpicionanrsmics whersin,g polymer

material which shows at least 1.2 times increase in weight by immersing it in water at 37 C is
incorporated into*#78 &5 NGB eestingi amaufirsrnbaisrecamsintiede ot helsiexamples of the
US patent describ@crsprosesslinagtkiehdha sacrocapsules are prepared by dissolving ethylcellulose in

cyclohexane, dispersin terial in 30said solytion, cooling the dispersion in the presence of
the swellable polymer r?{ag1 grgéﬁtj@ glgéc' C{/]Il%eeﬁlﬁf]c}%t (}sﬂg‘ﬁﬁ%{%%egﬁ%pf%é[tﬁ? THIPLFSIBA to form coating

walls on and arounmdithewordyhratediak dheethylcetulbse dnicriecdpsulesanesashfahprotect the core

15 patent involves dissolving ethylcellulose, polyethylene and thiamine in cyclohexane at

80 °C, followed by cooling. As the temperature drops, solvated ethylcellulose develops
as a separate phase due to the presence of polyethylene (polymer/polymer
incompatibility). The solvated ethyleellulose distributed in the cyclohexane as droplets
is said to tend to wet individual granules of thiamine and to envelop them. As the

20 temperature drops further, the ethylcellulose looses solvent and develops in solid
encapsulating walls. The microcapsules are said to protect the thiamine in the
preparation of dough or batter, at elevated processing temperature and in the final
product. Moreover, it 1s observed that the thiamine is released in the digestive juices of
the gastrointestinal tract.

25 US 4,462,982 describes ethylcellulose microcapsules wherein a polymer
material which shows at least 1.2 times increase in weight by immersing it in water at
37.’ °C is incorporated into the ethylcellulose coatih.g walls and/or the core material
thercof. The examples of the US patent describe a process in which the microcapsules
are prepared by dissolving ethyleeliulose in cyclohexane, dispersing a core material in

30 said solution, cooling the dispersion in the presence of the swellable polymer material
until ethyleellulose separates out from the dispersion to form coating walls on and

around the core material. The ethylcellulose microcapsules are said to protect the core



3 material effectively and, when administered orally, release the core material rapidly in digestive
organs such as the stomach. GB-A 2 226 804 describes a process for the preparation of

microcapsule ising microencapsulating crystal granules of cyclohexane-insoluble active
. P .WQ@P{P@#(& capsuating crystal gran Y PCT/NLI009/050475 .
5ingredients in a Cyclohexane medium with ethylcellulose in the presence of an anionic surface-active

agent or post-treating the drug granules microencapsulated with ethylcellulose by a
cyclohexane-dissolved surface-active agent. The micrécapsules described in the British patent

application can be,sqrptessed eGP RIRSANGUL A LUNEL ArATHIatAm TR igrocapsules

are said to provide a rapid release 10of the active ingredient contained therein. 531,152
describes a delivEEFdiicEisr inhatiitetoeatized release of a desired agent in the gastrointestinal

tract, said device compgiging>2£oreLORRIIRING Haid AT ApQia Mnatesiahihatawells when exposed
to an aqueous liquid, and a disintegrant; 15a rigid coating surrounding said core that disintegrates and

bursts when said” SRS TECOMF UMD & SRTHSHT Wt el fSKItBIRNG V8 Ri Haticulate matter
embedded in a wagerdinsaluble-ganteraiheeXamples degcsbeadheipreparaianoff caatgddiablets
wherein a tablet g;ochciCS_ s&ra acgqgg]g %vimra ggattiﬁ? ugplgargl%ign g{}allowa% r a&ed. tlay dissolving
ethylcellulose in ethanol followed y & addition of J0eacium Specflng & é‘%‘\’}v er. " " An important
drawback associgtedcwllthotirebafocgnvdrtiomrediswdtied derfaccthet prepammtidhcohinisrasaéapsulates

resides In the usalararNeRAERIRNOIRAK RYFISREXRRE . M BIASLIQRIGN PgTAERRSUICS Lo be used

in foodstuffs, beverages and pharmaceuticals, residual levels of organic solvents need to be reduced
to very low 25leveigiubipsvartiengpematimmiclitctariserianss gnsrasatleanyvidna it B egiesterable to

have no traggs of oiganiG.eaeMa# hasadmigigeapsules at all. WO 2008/056344 describes a
method of producing microcagsules having a core and a coating encapsulating the core, the method

comprising the steps ofptovidint’a ¥5rE6HhArY tRuadersa fo s Haisdrerisrh sl Frsialétream,

providing a two sprayB0Raz 1ieles [AResmeninabying andaliaenozalaidisposed concentrically about a

core nozzle, - acorc comprising said agent, a core material that swells when exposed to an

aqueous liquid, and a disintegrant;

15 - angid coating surrounding said core that disintegrates and bursts when said core
swells, said coating comprising water-insoluble hydrophilic particulate matter
embedded in a water-insohible carrier. The examples describe the preparation of
coated tablets wherein a tablet core is spray coated with a coating suspension that
was prepared by dissolving ethylcellulose in ethanol followed by the addition of

20 calcrum pectinate powder.

An important drawback associated with the aforementioned.methods for the
preparation of microencapsulates resides in the use of organic solvents, notably
cyclohexane. In order to allow microcapsules to be used in foodstuffs, beverages and
pharmaceuticals, residual levels of organic solvents need to be reduced to very low

25 levels. However, it is very difficult to achieve this and clearly it would be preferable to

have no traces of organic solvents in these microcapsules at all. _

WO 2008/056344 describes a method of producing microcapsules having a core
and a coating encapsulating the core, the method comprising the steps of providing a
core-forming fluid stream and a coating-forming fluid stream, providing a two spray

30 nozzle arrangement having an outer nozzle disposed concentrically about a core nozzle,

spraying the corc-forming fluid stream from the core nozzle and the coat-forming fluid
stream from the outer nozzle to produce microcapsules, and solidifying the

microcapsules upon formation in a suitable gas, The Examples of the international



spraying the core-forming fluid stream from the core nozzle and the coat-forming fluid stream from the
outer nozzle to produce microcapsules, and solidifying the microcapsules upon formation in a suitable
gas. The Examples of the international 4 patent application describes the preparation of
microencapsul 932?313(} %‘P&fnng the core-forming fluid stream and the coat- or %qﬁa@?@ﬂ%am in an
atmosphere of nitrogen, using an inlet temperature of 100 C. Example 5 describes the preparation of a
microencapsulate by spray drying a core forming fluid tream consisting of a solution 5of sodium

diclofenac and sodi mtflu rei::er I to et er wi h a_coat- for at§ urd strea consrstrng of a

solution of ethylcéﬁlu 0s& n ethanol, raw %ngo%%%ge descr Pthie intern Gtlronal patent

application are théouxplgsieid smwmwat«mmmﬂmmm@@mﬁwm lb?@p?ﬂay drying and
the difficulty of findipg QE%MHE%@&@&W@ RGeS eandifionsdan the.pradrgtion of a high

10quality microencapsulate. Furthermore, due to the fact that the drameter of the core nozzle is
typically in the rafGjEreRTSaPSaIARDE FRITHh APERE e eBniosming HBiHESATROTEMERE of 1 solutiohn the

production of encapsidatasRingAn QVSIReerlignetel | iﬁl dhadenggfcl Hinunas.fissigsed in the
examples of WO ﬁ%()8/056344 is houn fﬁ.&?ﬁeld enc j tes that will show significant leakage,

especially at high'PAYREAE PEENGE R At hAS BRI SERY iR AT Rec & m‘?crocapsules
that contain a hydrepbahicscdisding t&ermmatmmamf&mmﬂa@@rmﬁé@xﬁi&ﬁ&rmbﬂsty hampers the

utilisation of such mrcro i ue roduct bevera es) and,may. dversely affect
the intestinal rele&%e o}%{s% Léhtrt\ég cor%r‘ﬁ%%fﬁ? Tonta arne Faine &538%%8 dﬁ%@?e% aFneed for

microencapsulatefstiieg aré wenistaidedeharamedss Wﬁttbﬁwrﬁar tingfobustufts lsgbrages,

nutritional or, phatinageutical TAducts. PHIRALSIEARE (DAL GONERISANELINASSHAR. &g, under the
influence of the highly-acidic conditions within the stomach. 25 SUMMARY OF THE INVENTION

The inventors havezisddiavied s privassanaf diizbies tid Prepdiatsaneerinnipeseadapsulate that is
stable in the presgp 8@%@5@@8&@9&&9@&%&5@%& af-ARgraenie-selvenhapdithat readily

disperses in water. hrs process employs: a fluid com%srtron comg}r(r)srg&solvent dissolved
3

hydrophobic polyf#efid 4 Yrepescisrend & dBregamets ahiy© 200 4 is bound to yield

encapsulates that will show significant leakage, especially at high payloads.

15 Another problem that has been observed in relation to microcapsules that
contain a hydrophobic coating is poor water dispersibility. Poor water ciispersibility
hampers the utilisation of such microcapsules in aqueous products (e.g. beverages) and
may also adversely affect the intestinal release of the active components contained
therein,

20 In addition, there is a need for microencapsulates that are very stable when used
in water-containing foodstuffs, beverages, nutritional or pharmaceutical products, but
that release their contents after ingestion, e.g. under the influence of the highly acidic

conditions within the stomach.

25
SUMMARY OF THE INVENTION

The inventors have discovered a process that enables the preparation of a
microencapsulate that is stable in the presence of water, that does not contain traces of
30 organic solvent and that readily disperses in water. This process employs:
e a fluid composition comprising solvent, dissolved hydrophobic polymer and a
dispersed active component; and

e apressurised antisolvent that is gaseous at atmospheric pressure,



a pressurised antisolvent that is gaseous at atmospheric pressure, 5 said solvent being soluble in or
miscible with the antisolvent, said hydrophobic polymer and said active component being insoluble in
the antisolvent,; and comprises the successive stepszof: a. combining the fluid composition and the
antisolvent so as to achieve a condition of super saturation; b. precipitating the hydrophobic polymer
onto the dispersed active component to produce microcapsules in which the active component is fully
enveloped bysaidcating; beidgwsidrbdapsutesibebingvitlviiameindignteshal/bydyspbiidmieter of between
10 nm and 25 p.m, c¢. cojlecting, the microapsules and separating them from.the antisolvent. The
above mentiorﬁlgeléfn 6%83%5? aéng%FeVset%oem %%%u a{é?gltgélg?%ﬁ%?gé%%ga%%ﬁ a?g‘s/étl?mtéit do not contain
detectable leveld afropgasicisotventsthatsteps idadily be dispersed into water and that do not rapidly
release the active component when brought into tact water. The inventor surprisingly
found that theipr S B e e e A B e o
payload (e.g. 60 wpetxuitte@owery high stability in the presence of water. This finding is unexpected as

the microcapsules in.the present microencap lﬂl%}g re v I, meani 2igh payload
goes hand in artd Wi 18%1 Sgr%)ﬁ éf‘k%llgy gggﬁngl?z%?)e . ;g}rﬁzﬁlg{,gac?%%%%% ﬁ%ﬁ%‘ﬁ% wt.% the coating
layer of the presembduicrosncapssiate hashadhibkress ofdessotran &-jbnenitdoprdy yemarkable that
microcapsules N WG 108 ARIVE BLSAIERLITCIVAIPREE B BHER 3/HICORIING YR EAD-BE stored in
the presence of water for ays without significafit leakage of tfie encaps% ated active component.
Another embodini@mnottide2present disclosure relates to a novel microencapsulate that may be

prepared by meapsol e Ahaye ASNed PIRGSSs. THEITICIoSASANRYIAIS A1 s present disclosure

~ does not release the encapsulated active component when incorpora in water-containing
foodstuffs, beverageBhnetiitiomatmompdsiticass enghlasiteonaticictampoaitionsnédowdaies, following

ingestion, the agfiye campansnhisslsrsrdarniely.inaddian, WsRiEsealmsoanangylate i

readily water-dispersible an capati:)le of surviving tﬁe conditions of shear typically employed in the

manufacture dfitosdstutisdahat beveragesil Breicase o dieity, donepan eigpebenthuaregis! presvided a

microencapsulate comprising at least 40 wt.% of microcapsules having a diameter of 0.1 p.m to 25 gm
.. con? GPWERBI’.

~and containing ataIeast 1 wt.% of an active component selected from minerals, vitamins, carotenoids,

polyunsaturated oilsTpharmateuticakysagtivensbyiooné the! flevpiaienjsnpesteinsngbletides, amino
acids, micro oiaaiss and cophonrIeleel SR IUsaRANRIES FOMBHSIG, 6ok particle
having a dianeter of 90 nm to gm, representing 1-75 wt.% of the microcapsule and containing at
least 3% of thecactivghctrhpinentisypresigiveof seatbuorbipéntibieg rghexpected as the

microcapsules in the present microencapsulate are very small, meaning that at a high

payload goes hand in hand with a very thin coating layer. Typically, at payloads of

around 50 wt.% the coating layer of the present microencapsulate has a thickness of

less than 1-2 um. It is truly remarkable that microcapsules in which the active

ingredient is enveloped by such a thin coating layer can be stored in the presence of

water for days without significant leakage of the encapsulated active component.

Another embodiment of the present disclosure relates to a novel microencapsulate that may
be prepared by means of the above defined process. The microencapsulate of the present disclosure
does not release the encapsulated active component when incorporated in water-containing
foodstuffs, beverages, nutritional compositions or pharmaceutical
compositions. However, following ingestion, the active component is released rapidly.

In addition, the present microencapsulate 1s readily water-dispersible and capable of

surviving the conditions of shear typically employed in the manufacture of foodstuffs

and beverages.



a coating that fully envelops the core particle, representing 25-99 wt.% of the microcapsule and
containing at least 20 wt.% of a hydrophobic polymer selected from cellulosic ethers, cellulosic esters,
zein, shellac, gluten, polylactide, hydrophobic starchsgerivatives, polyvinyl acetate polymers, polymers
or copolymers derived from an acrylic acid ester and/or a methacrylic acid ester and combinations
thereof; wherein the core particle contains 5-90% by weight of the core particle of a release trigger
component and/or thecudiingcon@ine$a00dstyiwsighted theisyerepinsblatp shrigisticetelease
trigger componeqt, 53jf 1616A3¢ {jaaeL SOMERNEHLARIRERIECIE. 1o 8 WAlGE yellable
amino-group containing polymer that carries a positive charge at acidic pH, said water-swellable
polymer having awwenapeakezsabadity af 37 aCtaved-PHPPITOf Jelssadaiiorn WEmsehh d 4WHter-uptake
capacity at 37 C and,pH.2.0 of atl/l‘ D; - ' ' Higy at 37 'V
andapHof 7.0 ot fgg%?ﬁ%asﬁ }?LO% %ﬁ&%@%ﬁﬁ sgglilljﬁﬁltl? %%ﬁ 7%&5%%%% (ﬂcl)?ﬁz??tg%?gﬁgg%% mg/ml.
5b  In another aspéritstiverdiisprovidedddwosass-of smcapsastieRpurinations derspbriait in a matrix
comprising a hyd&qgrféggi%ﬁ%y%&r l%ql%]active component being selected from minerals, vitamins,
carotenoids, ponunsatuPate ol s,%har )aceutically active components, flavourings, proteins, peptides,
amino acids, micro-ergamisarscnbacongbihtivats s Abhmda SaihyTsHBBIRbIyMEE Bethg selected
from cellulosic ethers, cUURSISFHL51Sa E6iRaGIAR e, PRMARIAR JyeliaRbaYG sia
derivatives, polyvinyl acetate p Tymers, polymers or copolymers derived from an acrylic acid ester
and/or a methacrylicodisiddestesy gartidombthations thereof, said process employing: a fluid composition
comprising a Ieast 804,61 SONA0' 420 WEe! dissolved pppiobic ST A4k 0.002-20
wt.% of a dispersed active Component; and “an antisolvent that is gaseous at atmospheric pressure,
said antisolvent havimicepressarendfcaniansng otbeastsiiavéSiveht baigrisibisieahBicmiscible with the
antisolvent, said hydrgpohip. AR ARd SRIkACUYA 9 RazEnt e BaiNSO blendn the anisolvent,

and said hydrophobic polymer having a water solubility at 20 C of less than 0.1 mg/ml; wherein the

process comprises thelslactidsshualstehebis: stareb ity therhliyl ashissktitorp hieetRe antisolvent so
as to achieve a con%gg%qn%fr%pg%%ﬁ}%%@@é@vég%%ig%@g hydranhobig/pelymeanaatg;the
P C

dispersed active co nent to pr e microcapsules in which the active component is fully
enveloped by a coativiy] sstict pidrovapisaiéensaliners volume weighted average diameter of between

10 nm and 25 oM, g COGRING Vs AGIPGARSHIES. 204, 35RAAING MEM GRPARRUISOIRAC 6 The

microcapsules contained in the present microencapsulate are characterised in that they comprise: a
core particle contsiigigry evnaptiviecandfsoribaccatioe sevamsg thel Yuly srigiops e core particle,

containing a hydr%@@%@&?&%er of arelease trigger component, said release trigger

component being selected from:

- awater-swellable amino-group containing polymer that carries a positive charge
at acidic pH, said water-swellable polymer having a water-uptake capacity at 37
°C and pH 7.0 of less than 20 wt.% and a water-uptake capacity at 37 °C and pH
2.0 of at least 50 wt.%; and
an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1
mg/ml and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.



5wherein the core particle contains 5-90% by weight of the core particle of a release trigger
component and/or the coating contains 3-100% by weight of the hydrophobic polymer of a release
trigger component. The release trigger component eggployed in the microcapsules is selected from: a
water-swellable polymer having a water-uptake capacity at 37 C and pH 7.0 of 10less than 20 wt.%
and a water-uptake capacity at 37 C and pH 2.0 of at least 50 wt.%; and an edible salt having a water
solubility at 37C andla pidtbérzagpettabsithmplomdérhh anctesswvafen saisbititp ae8zCiand a pH of 2.0 of

at least 5 mg/ml. The stability of the. present microencapsulate in, most water-containi ducts 15is
a result of the coﬁﬁﬁgﬁngﬁégﬁsu Eﬁlc?ncg%%sénd%g% r fpé%lbﬁc @%ﬁb ?Izwﬂaét %:%f%%r;gg%lg %ﬁ%ﬁ?ydrophobic
polymer and optibaallysel ¢sefehfertriggecrebmpcnens thatcdossdsopléywatdnikirdugls.at neutral or
slightly acidic pH. .The instability o f the microencapsulate .after ingestion results t resence of
the release triggé’rhg‘g}lnaﬁg%%é% lltll)% %ﬁtévgo%%ogﬁ%t/sdrﬁtﬁgi&g?gsﬁgrrt?%%&%eg?#\% é{g%g]é th&B, '
microencapsulatenisingegtedntb eré kasbi 20irgy dreverf poh entiifideopisesbdestabiligdtiongof the .
microcapsules. The mehansmisipoer s desigllsaten dhde ) swalling.eligaolymer: or
(i) osmotic pressure resulting from or issolution of a salt. Po ymer swellifig and/or osmotic pressure
will cause the coatidgpphthé tricrbodpsuescn podcknsllevdiats thel yeleaspadythesncapsulated active
component. Dissolion,of salt-con‘ained wilhinihe seation wil 35open p channgls e coating
through which theé activé component can be released. The small particle size of the microcapsules
favours a rapid releabeafithe thetivad, coid ponerss ampbnmugs a suitable trigger is provided. Although the

nventors do not 1k I RFRAG B Isa L helievad 1ot ihs eliemmely praglihagtigles size of the
microcapsules in the esent icroencaps 4te 30renders the microcapsules readily water-dispersible
and also renders thedis$ebs:d hydrophobic poiymer and 0.002-20 wt.% of a dispersed active
component; and
s an antisolvent that is gaseous at atmospheric pressure, said antisolvent having a
pressure of at least 70 bar,
said solvent being soluble in or miscible with the antisolvent, said hydrophobic
polvmer and said active component being insoluble in the antisolvent, and said
hydrophobic polymer having a water solubility at 20 °C of less than 0.1 mg/ml;
wherein the prdcess comprises the successive steps of:
a. combining the fluid composition and the antisolvent so as to achieve a condition
of super saturation;
b. precipitating the hydrophobic polymer onto tfle dispersed active component to
produce microcapsules in which the active component is fully enveloped bya
coating, said microcapsules having a volume weighted average diameter of
between 10 nm and 25 pm,

¢. collecting the microcapsules and separating them from the antisolvent.



vulnerable to shear. Water-dispersibility of the present microencapsulate may be fUrther improved by
the addition of appropriate surface active agents. 7 FIGURES Figure 1 shows a SEM micrograph of
a microencapsulate according to the present 5invention Figure 2 shows a SEM micrograph of the
same microencipstiate 48 Figure 1, but at a lower resolution. 10 DETAILEB%@%@???Q’W@N OF THF
INVENTION Accordingly, one aspect of the invention relates to a microencapsulate comprising at least
40 wt.% of microcapsules having a diameter of 0.1 urn fo 25 um 15 and containing at least 1 wt.% of

an active component, said microca sulfles com r&sjn : a core particle having a diameter of 90 rim to 23
ﬁl ¢35 contamme lﬂ(ﬁl %%10 G

um, representing 1-75 wit. P ot the S|crocapsu 6and c ﬁ?ﬁ?ﬁﬁtnréugtoleen% 6ftRé g&%ﬁf‘éﬁé%%ponent by

weight of said coréyshatidley emupsissoating that fully envelops the core particle, representing 25-99
wt.% of the 20micgoc§%%%%glg9miﬂ§gg At least %Qﬂﬁb%n‘?f Akdydrophobic polymer selected from
h | ?

cellulosic ethers, cellulosic esters, zein, shellac, gluten, polylactides, hydrophobic starch derivatives,
polyvinyl acetate polyhferéingahriaiy sndpriyhssrs uritels. frorpimingarlidraphistes smaror a

methacrylic asid esiRfanthsembinatiansiharers 2owhsreisithesae RaLtice; crniaing 0% by weight
of the core particle of a release trigg%compon_ent and/or the coating contains 3-100% by weight of the

hydrophobic polyH&ie8F % PEEREE FRGGEHESRBRS Ry e dyreh s dndrmnbelie selected
from: a water-sweplslptacpolimeeaviiga vateosiptake at 37 'V and pH 7.0 of less than 3020 wt.% and
a water-uptake Capacityﬁ;[ef:;_g eagentgigglgr%gm%fo%grll?%g}p oc%n\eN | i(z){%grr}gcrocapsu}es is selected from:
- awater-swellable polymer having a water-uptake capacity at 37 °C and pH 7.0 of
10 less than 20 wt.% and a waterQuptake capacity at 37 °C and pH 2.0 of at least 50
wit.%; and .
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1
mg/ml and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.
The stability of the present microencapsulate in most water-containing products
15 is aresult of the complete encapsulation of the core particle by a coating that comprises
the hydrophobic polymer and optionally a release trigger component that does not let
water through at neutral or slightly acidic pH. The instability of the microencapsulate
after ingestion results from the presence of the release trigger component in the coating
and/or the core particle. When the present microencapsulate is ingested, the release
20 trigger component will cause destabilisation of the microcapsules. The mechanisms
mvolved with this destabilisation include (i) swelling of a polymer; or (ii) osmotic
pressure resulting from or dissolution of a salt. Polymer swelling and/or osmotic
pressure will cause the coating of the microcapsules to crack, allowing the release of
the incapsulated active component. Dissolution of salt contained within the coating will
25 open up channels in the coating through which the active component can be released.
The small particle size of the microcapsules favours a rapid release of the active
component as soon as a suitable trigger is provided.,
Although the inventors do not wish to be bound by theory it is believed that the
extremely small particles size of the microcapsules in the present microencapsulate
30 renders the microcapsules readily water-dispersible and also renders them less
vulnerable to shear. Water-dispersibility of the present microencapsulate may be further

improved by the addition of appropriate surface active agents,



an edible salt having a water solubility at 37 C and a pH of 7.0 of less than 1 mg/m1 and a water
solubility at 37C and a pH of 2.0 of at least 5 mg/ml. The term "m croencapsulate" as used herein
refers to a particulate composition in which the microcapsules are contained as non-aggregated
particles and/or i the ¥oHR & aggregated particles composed of clearly disﬁrﬁ%ﬁﬁ?ﬂ?%ﬁﬁocapsulcs.
The term "microcapsule” as used herein refers to a particle that contains at least 5a single core
particle that is fully enveloped by a coating having a corhposition and/or structure that is different from
that of the core particle. The term "core particle" as used herein encompasses both solid,
semi-solid and liquid particles. The term "core particle” also encompasses composite particles, such
as coated particle§Iah&Bgglomerated particles. 10The term "active component" as used herein refers
to a substance or a composition having a clearly recognised activity or functionality. Examples of
active components include nutritionally relevant components (e.g. minerals, vitamins, carotenoids,
polyunsaturated oli&WisHatAEE Ut Rristamrarbothp SHERESCRbRIF RGNS IREdINd ¢PIgs @I Zymes),
peptides, amigo agigdsatipicro-organisms. 15As mentioned herein before, the present invention enables
the preparation of microcapsules that are stable in an aqueous environment of neutral pH but that
quickly release the active component in an aqueous environment of acidic pH. Consequently, these
microcapsules caFigdushtageou sy Mertmployas Mheaiek cobiain g heremges.oodsivdis or

pharmaceutical prloducts as %he microcapsules will release the active 20component under gastric
L. . D\ﬁ(‘}f I‘CSf) ution. . . . . . .
conditions, making the active component available for absorption in the intestines. Thus, a particularly

preferred embodiment of the invention relates to a microencapsulate meeting the requirement that at a
temperature gf 37 "C (i) less than 0.1% of the active component is released within 1 hour when 20 mg
of the microencapsulate is dispersed in 20 ml of distilled water and (ii) at least 5%, preferably 25at
least 30% and md3E prefebabREaCIBEEI NV ST THE JRKIENGNonent is released within | hour when 20
mg of the microencapsulate is dispersed in 20 ml of distilled water of which the pH was previously
adjusted to 1.0 with HC1. The present invention provides microencapsulates that not only are very

stable in aqueous envirgMiHEATSHH SBEATRSF Gy R Rl4EY WISTBIIEPTEMEhigh
30encapsulation efiisjehoy; Fheatcamwencapsilatiepselficiansy 1 afarste- tiofraghas of ym

15 and containing at least 1 wt.% of an active component, said microcapsules comprising:
- acore particle having a diameter of 90 nm to 23 um, representing 1-75 wt.% of the
microcapsule and containing at least 3% of the active component by weight of said
core particle; and
- acoating that fully envelops the core particle, representing 25-99 wt.% of the
20 microcapsule and containing at least 20 wt.% of a hydrophobic polymer selected
from cellulosic ethers, cellulosic esters, zein, shellac, gluten, polylactides,
hydrophobic starch derivatives, polyvinyl acetate polymers, polymers or
copolymers derived from an acrylic acid ester and/or a methacrylic acid ester and
combinations thereof;

25 wherein the core particle contains 3-90% by weight of the core particle of a release
trigger component and/or the coating contains 3-100% by weight of the hydrophobic
polymer of a release trigger component, said release trigger component being selected
from:

- a water-swellable polymer having a water-uptake at 37 °C and pH 7.0 of less than

30 20 wt.% and a water-uptake capacity at 37 °C and pH 2.0 of at least 50 wt.%; and
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than 1 mg/ml

and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml.



the active component that is effectively entrapped in the microencapsulate. According to a particularly
preferred embodiment, the present microencapsulate exhibits an encapsulation efficiency of at least
75%, more pr&[gltﬂ'%/o% O%tileast 85% and most WO 2010/014011PC T/NI?ZQ(/)LSTJI/JOS(%ZS 9 preferably
of at least 95%. The {encapsulation efficiency” as referred to in this document 15 detérRitad by
incorporating an active component, such as iron pyrophosphate, into the core particles of the
microcapsulcs. Next, 20 mg of microencapsulate is dispersed into 20 ml of distilled water. After 1 hour

the suspension 5liquid g, centrityged.and kﬁgf@piga§e@}§&%ﬂ9§@em%§é@§{#§ﬁﬁ9%0 | %ﬁ%‘ﬂe”t'y’ the

concentration of the active component (AC) in the sample is determined and the encapsulation
efficiency is calcUlatEH i prBEHCaPIHES HIIGRING BYUETSR- WBE Faeops sletiskpsinisied AC) /
(unencapsulatedifda nsaRsuiaiedffelesThepresent ventionspakies thepradystian of

microcapsulcs having a very 10 high payload. Accaordingly, in a very preferred embodiment, the

3

microcapsule contains St9d58R SEHE9s 2RSBIe R at 1el55t PO R Kbt fOB{PRE fSBTY at least

20 wt.% of the aetiwestormRonRentle thaiceaiding tvpeprefereaiembeodipentthesmiateaaeapsulate of
the present mven{lon cor&?{ s(ﬁhleastgo w .%ba\ﬁen more r?ferably at least 95 wt.% and most 15

n
preferably at leaSt OG . o‘fsmlc%%“attpsou' cs Eﬁavmé? &oGidiieter of 0.1 p.m to 25 pm. In accordance

with another preferred €nebodirfient pheicﬂﬂérzwamed[hsrﬂhtemma_bmsmiﬁo wtr%so@demdnore
preferably at 'ea%‘q?% W&%o%%@ﬂ@?&&fe@{@ﬁ%;ﬁée%&%%%%’éﬁf@a&%@d&ﬁr?ﬁd %%%'aer%ﬁé‘s‘”@&ﬁag'ameter of

0.2 p.m to 20 pm. The weight averaged me ameter of the present mi capsufate
20advantageoustydies reitiilsthadaaglooeripdnrmtslen pm, especially in the range of 0.25 pm to 8 pm

and most prgferably in g {a00.0Q 3RPIRH-OE used IRGCARRAFICIREE Brigrocapsules typically
has a diameter of 150 nm to 20 pm, especially of 200 nm to 15 pm. Advantageously, the core particle

represents 5-70 YRR 85 3rdrgra bl il eoRRiss A E e BRsHemE T e aammive nent is

25preferably cordaingemdntthactare Rarticie iR anamo ueiebatdaastsl Obh-mereprafesably of at least
30% and most prefe{abl. of a} Ieast{ 70% b}/ ei%pt of said Tore Particle. As merétioned herein before,
f St B i

the core particle %fé’yeB%%%Soﬁ’a USROS ST AT BTETANSAIY AL ESUPSRTELS: (HayOHEnes:

proteins (e.g. enzymes), peptides, amino acids, micro-organisms.

15 As mentioned herein before, the present invention enables the preparation of
microcapsules that are stable in an aqueous environment of neutral pH but that quickly
release the active component in an aqueous environment of acidic pH. Consequently,
these microcapsules can advantageously be employed in water-containing beverages,
foodstuffs or pharmaceutical products as the microcapsules will release the active

20  component under gastric conditions, making the active component available for
absorption in the intestines. Thus, a particularly preferred embodiment of the invention
relates to a microencapsulate meeting the requirement that at a temperature of 37 °C (i)
less than 0.2.% of the active component is released within 1 hour when 20 mg of the
microencapsulate is dispersed in 20 ml of distilled water and (ii) at least 5%, preferably

25 at least 30% and most preferably at least 50% of the active component is released
within 1 hour when 20 mg of the microencapsulate is dispersed in 20 ml of distilled
water of which the pH was previously adjusted to 1.0 with HCI.

The present invention provides microencapsulates that not only are very stable
in aqueous environment of neutral or slightly acidic pH but also exhibit a very high

30 encapsulation cfficiency. The term “encapsulation efficiency” refers to the fraction of
the active component that is cffectively entrapped in the microencapsulate. According
to a particularly preferred embodiment, the present microencapsulate exhibits an

encapsulation efficiency of at least 75%, more preferably of at least §5% and most



The coating that fully envelops the core particle of the microcapsules typically 30represents 30-95
wt.%, more preferably 40-90 wt.% of the microcapsule. The hydrophobic polymer advantageously

represents at sff?@%‘f‘ﬂﬂ%” more preferably at least 50 wt.%, even more Brﬁ Eﬂf 9;?]%@ t 70 wt.%
and most prefleﬁrgb y at least 90 wt.% of the coating. WO 2010/014011PCT @oog/ogofizss 10

The hydrophobic polymer that is employed in the coatigng of the microcapsules is advantageously
selected from cellulosic ethers, zein, shellac, gluten, polylactides, hydrophobic starch derivatives (such

as OSA) and comhinalipnsiheraaloExemmerg praieiahiy thedhydropheRicaalymers a cellulosic -
ether, most preferably ethyl 5cellulose. The microcapsules of the present invention may comprise

one or more coréFAMERS dETaVARN PSP RASESFEIRE S SRTARTHBL IS AhEAPS core particles,

even more prefefalytiepimelentban-2cerapaiticleshd wnigalpdadheneresenipigrocapsulcs, the
hydrophobic polymer and the 10optional releaz% mpgféggtﬁjggonent to eth?r represent at.least 90%,
. Ic

preferably at leaStSESABPIWEIGHT SPRTE O S PSRt SF TR SHERENTSRvention
advantageously tqnidinscatrdigadetrdggempbnipakentimthiecforparofiant (Soidequatelystvellable polymer

e taine oA ARSI ARG RONEL I IR eRRART b o parcre
15the coating or%ot . n accoraance with one particula dv% 0]

_ _ ( r 5 ntageous embodiment the release
trigger componeptaontdinied dfithmepatingoRthémivrosapsiie soboavinatetusiieliable polymer as

defined herein bafefe- ;q0JR AGLIFIARER WIH AR AGMARIageaus embedipart the release trigger

20component contained in the core particle is'a water-swellable polymer as defined herein. The
inventors have found tHAEIErgRABENEL AR iR 8Te8YE A RERE KSARSICH Watd el lable

polymer are; highlyostahle i ackieausSnVvilarae phatrey s piditsatthe samg dimeyermsfficiently
release the aCtivg‘{ ?c%rspt %ngt?" ot, ranjé?é 1%?%%?293?? ét-rlggs%’]% wt.% and most preferably at least 20 wt.%
of the active component.
According to a preferred embodiment, the microencapsulate of the present
invention contains at least 90 wt.%, even more preferably at least 95 wt.% and most
15  preferably at least 99 wt.% of microcapsules having a diameter of 0.1 pm to 25 pm. In
accordance with another preferred embodiment, the microencapsulate contains at least
80 wt.%, even more preferably at least 85 wt.% and most preferably at least 90 wt.% of
microcapsules having a diameter of 0.2 pm to 20 pm.
The weight averaged mean diameter of the present microencapsulate
20 advantageously lies within the range of 0.2 um to 10 pm, especially in the range of 0.25
wm to 8 wm and most preferably in the range of 0.3 um to 6 pm.
The core particle of the microcapsules typically has a diameter of 150 nm to 20
pn, espectally of 200 nm to 15 um. Advantageously, the core particle represents 5-70
wt.%, most _preferabiy 10-60 wt.% of the microcapsule. The active component 18
25  preferably contained in the core particle in an amount of at least 10%, more preferably
of at least 30% and most preferably of at least 70% by weight of said core particle. As
mentioned herein before, the core particle may be solid, semi-solid or liquid.
Preferably, the core particle is solid.
The coating that fully envelops the core particle of the microcapsules typically
30 represents 30-95 wt.%, more preferably 40-90 wt.% of the microcapsule, The
hydrophobic polymer advantageously represents at least 20 wt.%, more preferably at
least 50 wt.%, even more preferably at least 70 wt.% and most preferably at least 90

wt.% of the coating.



25particularly preferred microencapsulate is one in which the core particle contains a water-swellable
polymer as defined herein. Advantageously, the water-swellable polymer of the present invention
has a Water-u%gls%%}/ Cgo@and pH 7.0 of less than 10 wt.%, most preferahly of less }han 5 wt.%. The

water-uptake capaci 'V and pH 2.0 of the water-swellable polymer 3 gr% &rat I%/S?éwgt least 80

wt.%, most preferably at least 120%. The water-uptake capacity of the release trigger component
is suitably determined by weighing the swollen microc}ﬁ)sules, as described in Biomaterials, 23 p 4469

(2002). WO 2010/0140@1&%95#&}!!:8&8%/&?%7 tdl is cnBRVIETINE BCHYE, SHMENENL G Aydrophobic

polymer and the optional release trigger component the microcapsules in the microencapsulate can
suitably contain otREFEBrEpIRENhts PiskaiBIGC IRV AR cthezais vect o pbifentaliéeidiaphobic
polymer and the relgasie:Bigaer-aMPARRE! [aRIESEOINE NI ko RIHRG RicracRRS UL AGRREDINGlY, in &
preferred embodiment the active co%wtgpnent, the release trigger component and the hydrophobic

polymer togethePFERTARRHPG M HAR TGP oL BrEte PSR AL S0t 6B Ml encapsules.

The release triggefiamponent in the foiin of an edible salt is advantageously a salt having a water

solubility at 37C and a pH of 7.0 of legg tl}%p 0.4 rcr{]]glml 10 referabl}[i of less than 0.1 mg/m1 and a
of at least (

water solubility at 37C and a pH of 2. ST rSrar SBIVSF SRRl S S8iml. Preferably,

the edible salt is setedtedPidmmabdrbenhtes;phpsptatesiaguiphites e clirate spexalatelss.suecinate,
fumarate and co%Q}Q%gggls&g[é%ggggpeeﬂlﬁg%r??@étga@ﬁgl&ardIy soluble in water of neutral pH, but are
5 : ;

much more soluble under acidic conditions. Thus, when the microcapsules come in 15contact with
water of acidic pH they Wyiliethsoip Warspsaporyisoseneeiss phetalfrensebivedheramynétbating pores in

the coating that willialiamdbeacive campensntiRde.rel de oM th0NICrReaR8HIeS 1cast The
release trigger corr;)ponent_in the form of a water-swellable polymer is preferably an amino-group
containing polymet e Fe8te Hieeralifigan amino-group 20containing polymer selected from

chitosan, aminoalkyl mgttaaiylatacappalysarte present invention advantageously contains a
release trigger component in the form of an (acid) water-swellable polymer as defined
herein. The water-swellable polymer may suitably be incorporated in the core particle,

15 the coating or both.

In accordance with one particular advantageous embodiment the release trigger
component contained in the coating of the microcapsules is a water-swellable polymer
as defined herein before.

In accordance with another advantageous embodiment, the release trigger

20  component contained in the core particle is a water-swellable polymer as defined
herem.

The mventors have found that microcapsules in which the core particles contain
the water-swellable polymer are highly stable in aqueous environment at neural pH, but
at the same time very efficiently release the active component after ingestion. Thus, a

25 particularly preferred microencapsulate is one in which the core particle contains a
water-swellable polymer as defined herein.

Advanfageousiy, the water-swellable polymer of the present invention has a
water-uptake at 37 °C and pH 7.0 of less than 10 wt.%, most preferably of less than 5
wt.%. The water-uptake capacity at 37 °C and pH 2.0 of the water-swellable polymer

30 preferably is at least 80 wt.%, most preferably at least 120%.

The water-uptake capacity of the release trigger component is suitably
determined by weighing the swollen microcapsules, as described in Biomaterials, 23 p
4469 (2002).



polyvinyl aminoacetate and combinations thereof The latter cationic water-swellable polymers will
easily disperse/dissolve in water of acidic pH as they carry a positive charge at such pH. The benefits

of the present microepcapsulatc can be realised with a wide range 25o0f active components.
0 2010/074011 . . . PCTYNL 2000656473
Preferably, the active component is water-soluble and/or water- dispersible. Evern more preferably, the

active component is water-soluble. The active component is preferably selected from minerals,
vitamins, pharmaceutically active substances, micro-olr]ganisms (e.g. probiotics), sterols,

carbohydrates, proteing(e.g..enzymes), "{éﬁé19&%%&%9&‘@2%&%&11?@6&3%1%??%%?&”“?5’

bitter tasting 30substances, oils and combinations thereof More ably, the active component is
selected from miliEEAscURBATNS i SHBRE SIS B COIIRaNsfenelebhEveiimetechreferably,

the active compoRaisAHNinetah ostRECierakl & minaipbasle iRt WiShhobic polymer and
2010/014011PCT/NL2009/050475 12 from the group consisting of iron compounds, calcium

compounds, madHESIGRICoHRSE GHIEORRIE EBRPaLHES SR Eha HE EBHBTHEH TS HERESE. e benefits
of the present inyesfioadasiatpditiedtaty proraisngad dnieresnsapsylates epseniialhd eansisting of

microcapsules havi eight averaged Sdiameter of less than 10 um and wherein said,
ictocapaulos Al BRI Ko Br o b Nl T R e R o agtfgates.
Accordingly, in athespeoiaitypréferred embodiment, the microencapsulate consists of a powder having

a weight averaged dia”i‘ﬁé%i%éi@ﬁ%ﬁ%bg%?]rgg'éﬁé&%t tﬁg@éﬁﬁ{%?%]@@d?ﬁg 's%ﬂ‘%@&%ﬁ!n?ﬁ:"e"&%ﬁ@"mg a

weight averaged diameter In the ra -1000 urn. T0Another aspect of the invéntion relates to a

process of encapslilgiipeanaétivie BoHiporent T gftapikadonfpridisg handfopasbic polymer by
employing: 13 fluid gompesitien aemprising:at least SR WLIR.ehspMent 0 4129 ¥ ¥e ot dissolved
hydrophobic polymer and 0.002-20 wt.%, preferably 0.2-20 wt.% of a dispersed active component; and
least 10 mg/ml, preferably of at least 20"mg/ml. Preferably, the edible salt is selected
from carbonates, phosphates, sulphites, citrates, oxalates, succinate, fumarate and
combinations thereof. The latter salts are hardly soluble in water of neutral pH, but are
much more soluble under acidic conditions. Thus, when the microcapsules come in
15 contact with water of acidic pH they will absorb water and will at least partiaily
dissolve thereby creating pores in the coating that will allow the active component to be
released from the microcapsules.
The release trigger component in the form of a water-swellable polymer is
preferably an amino-group containing polymer, even more preferably an amino-group
20 containing polymer selected from chitosan, aminoalkyl methacrylate copolymers,
polyvinyl aminoacetate and combinations thereof. The latter cationic water-swellable
polymers will easily disperse/dissolve in water of acidic pH as they carry a positive
charge at such pH.
The benefits of the present microencapsulate can be realised with a wide range
25 of active components. Preferably, the active component is water-soluble and/or water-
dispersible. Even more preferably, the active component is water-sotuble. The active
component is preferably selected from minerals, vitamins, pharmaceutically active
substances, micro-organisms (e.g. probiotics), sterols, carbohydrates, proteins (c.g.
enzymes), peptides, amino acids, carotenoids, anti-oxidants, extracts, bitter tasting
30 substances, oils and combinations thereof. More preferably, the active component is
selected from minerals, vitamins, probiotics, enzymes and combinations thercof, Even

more preferably, the active component is a mineral, most preferably a mineral selected



15 an antisolvent that is gaseous at atmospheric pressure, said antisolvent having a pressure of at

least 70 bar, said solvent being soluble in or miscible with the antisolvent, said hydrophobic polymer

and said activ%vgoggg@ngg being insoluble in the antisolvent, and said hydr%ohobic gfg¥mgr having a
o? ;W

water solubility at ess than 0.1 inginal, 20preferably of less than 0.0 Tr/rl?gljlzr(rjﬂ Eein the

process comprises the successive steps of: a. combining the fluid composition and the antisolvent so
as to achieve a condition of super saturation;  b. prééipitating the hydrophobic polymer onto the

dispersed active £QmRQNERLIQ ARRIALLGETIGASARSHIESIRMAICR e Astive,campanent is fully

enveloped by a coating, Said microcapsules having a volume weighted average diameter of between
100 nm and 25 itFRIPosBlecting WBNHE cidsias beinbEpdesigersen from the antisolvent. The

above defined process is,pagticmiany HssfuldarmanudacidingiadRMisroansapsyate as defined herein
before. Unlike microencapsulation processes described in the prior art, the present process enables

the manufacture BFEHNETBEHHES SRR EYIRRP VRS NI EseRp e A e ftieiskl AXAStH the need of

using washing stéamtecrefiovethadly encapsulateth madetiakodidsules Thusicir@acgandanggwith a

particularly preferred embo%@ﬁgp%ict{ég mi roenca uIate% E‘Ehat is dire&t{‘.:lé/o? 1tai ed after separation from
ati P

the antisolvent hggnéarfg%rﬁggps one |C|853§/ of at ledst 5%%5}'%%& refer: y‘%fa atiae05%. The
use of an antisolyesitiredhererimeha tressudsedigas:offers ithecddavwdgehbtival nosignificant levels of
this antisolvent V‘QUCP%EQ@'Q‘E&&F&FE@@@&GI% um or it consists of an agglomerated powder having a
weight averaged diameter in the range of 10-1000 um.
10 Another aspect of the invention relates to a process of encapsulating an active
component in a matrix comprising a hydrophobic polymer by employing;
¢ a fluid composition comprising at least 80 wt.% of solvent, 0.1-20 wt.% of
dissolved hydrophobic polymer and 0.002-20 wt.%, preferably 0.2-20 wt.% of a
dispersed active component; and
15 e anantisolvent that 1s gaseous at atmospheric pressure, said antisolvent having a
pressure of at least 70 bar,
said solvent being soluble in or miscible with the antisolvent, said hydrophobic
polymer and said active component being insoluble in the antisolvent, and said
hydrophobic polymer having a water solubility at 20 °C of less than 0.1 mg/ml,
20 preferably of less than 0.05 mg/ml;
wherein the process comprises the successive steps of:
a. combining the fluid composition and the antisolvent so as to achieve a condition of
super saturation;
b. precipitating the hydrophobic polymer onto the dispersed active component to
25 produce microcapsules in which the active component is fully enveloped by a
coatinig, said microcapsules having a volume weighted average diameter of between
100 nm and 25 pm,
¢. coliecting the microcapsules and separating them from the antisolvent.
The above defined process is particularly useful for manufacturing a
30 microencapsulate as defined herein before. Unlike microencapsulation processes
described in the priot art, the present process enables the manufacture of a
microenpasulate having a very high encapsulation efficiency without the need of using

washing steps to remove badly encapsulated material.



microcapsules. Furthermore, this antisolvent facilitates very efficient extraction of the solvent that is
used to dissolve hydrophobic polymer. Solvents that are particularly suited for use in the present
method includ%g%%&ﬁ ik ols, C1-C1 diols, CI-Ca triols, water and combinations thereof. According
to a particularly pre erre(? embodiment, the 10solvent is selected from metﬁﬁ&]‘é%gﬁ%{wﬁ-propaml,
iso-propanol, water and combinations thereof. Most preferably, the solvent consists of ethanol or a
mixture of ethanol and water. According to a partiddlarly preferred embodiment of the present
process, the fluid compegsitio: itionall i di rsed. release trigger
15component as defin%%%r%i?%%%%@nwgﬁ g gjﬁ%ﬁﬁg%&e%?e?&%éé%%O% by weight of the
hydrophobic polyfigiocncarphistaidgbisdiicadtive eBihoiasenisyipe figmdhsarisestio opsotid. -
Preferably, the dispepsed:RelMeGOBPOPSNEIS: Sk, %&c%ﬁif&?&%%ﬁﬁlﬁ‘%{ﬁ%&% 420,"C). The antisolvent

employed in the present process may.consist of a single 20substance or alternatively it may consist of
a mixture of substanced ™ HiC1AR 2tkebicHH Ay EBhb B HiRtdr 8 PHras iRt agses,
optionally in somiinaiionowifisank-aiad ki liquid compenentscitheantiselvenitary suitably contain
co-solvents up tomaclr%\(/:glso e1.;0 I ﬂ‘)}/g r%efet%abl%/ up }o__ atlgveiltpg‘not more than 5 wt.%. Ef mples of
suitable co-solvents Mehide Sthanel TRsthanol deatShe LUtESHEhof HifFRbRBHTLE8IY DEthereof.
According to a pasticuiathyt pyefedreddemibodirenpitiiecantisoke St iscatstipe retiticaliar aarcritical fluid

having a pressurg, of pkleast - xpe.and ﬁ.p&%%hoﬁfc%agelc?f@talﬁga@?é%aﬁfﬁgﬁpfe%eg%%g? the critical

pressure of the main gaseous component in the antisolvent an C representi

temperature of tH&PAARM §ABEBEEBOEbIIONAPROTWE POLDIOTAGTI R INtP00dIEBO4TSd  The
supercritical psubgitical o neasgiticakiuichRmrlaves] in the REeSel-progass isRrefsrably selected

from carbon dioxide, nitrous oxide, ethane, ethylene propane, cyclopropane, propylene, butane, argon,

nitrogen and miﬂﬁ@%ﬁﬂ%qo@ﬁféegr%ﬁﬂﬁ ek pRhictiars e rsdte Alssbanmd oF, 2R dntitiivent
contains at leastf:mwhfd ahaarbon dioxide.

According to a particularly preferred embodiment of the present process, the
fluid composition additionally contains a dissolved or dispersed release trigger
15 component as defined herein before in an amount of 1-100%, preferably 3-100% by
weight of the hydrophobic polymer.
The dispersed active component may be liquid, semi-solid or solid. Preferably,
the dispersed active component is solid at ambient temperature (20 °C).
The antisolvent employed in the present process may consist of a single
20 substance or alternatively it may consist of a mixture of substances. Thus, the
antisolvent may comprise a mixture of pressurised gases, optionally in combination
with one or more liquid components. The antisolvent may suitably contain co-solvents
up to a level of 10 wt.%, preferably up to a level of not more than 5 wt.%. Examples of
suitable co-solvents include ethanol, methanol, acetone, iso-pronanol and combinations
25 thereof
According to a particularly preferred embodiment, the antisolvent is a
supereritical or nearcritical fluid having a pressure of at least 0.3xP and a temperature
of at least T.-60 °C, P, representing the critical pressure of the main gascous component
in the antisolvent and T, representing the critical temperature of that main gaseous

30 component.



The fluid composition employed in the present process may contain additional dissolved components
besides the hydrophobic polymer and the optional release trigger component, e.g. stabilisers,
colouring, antipjot] ifungal agents or antioxidants. Typically, the solvent, the dissolved
hydrophobic p@éé@r}@r}él e dispersed active 10component together repriéicsfgrl?tr‘azfj 182190 wt.% of the
fluid composition. Preferably, together they represent at least 95 wt.% of the fluid composition. In
the present process the fluid composition is advantagé%usly combined with the antisolvent by spraying

the fluid composition irig,ay %P@Htf&%‘@ﬁ%%&@ﬁ@%&%ﬂﬁﬁ@ﬁﬁ&'&%ﬁ#ﬁe@ 1P LGIRASIA It through a

nozzle with a relatively large diameter (e.g. of 15more than 1 mm). The use of a'nozzle with a

relatively large diiftféteiotfefe thly seloes é@@ﬁtﬁ&fﬁ%dﬂw@édﬁfm@iﬁm%%&%@ﬂ@ﬁmson introduction

into the mixing ce@dﬁaﬁc-cyomp&eﬁm,rgx%%?ﬁh@,r@&@gé,t&}gofm&qtﬁ%ap%t;g&@% the-antisolvent are
typically admixed in a weight ratio within the rarége of 1;1000 to 1:10, preferably in a weight 20ratio
within the range 6F3°58B%& - Beyticulefly pratprsdSmbabmess dsmadtainaiseniveniamisoient and the

microcapsules isvareferahlkephagishort as possible in order to prevent that components (e.g. the

active component) are ﬁ,‘trﬁﬁt d from these micro%agﬁulates. Té[r)icallsy averagegcogg{act ti{’ne between

microcapsules and antisolvent doas hot exeaBy 3 hours: Ko re Sraply st 9B & 2¥ime does

not exceed 60 nﬁmwseﬁmnpm@m@fécamy blyéroplqubmnbhmdpasimm exceed B&amintitesy most
preferably it doegighgxgead, LO.minkIe o oy Aearding o a ARisHPILRCleied ampadment, the

mierocapsules are separaf from the antisolvent whilst formation of new microcapsules continues.
This may be achiexiaen!fprthostalveet, thrrbigselysl husirapbpbie melpmps sd|ibe whigerrs petictes 30in a

medium thagyis inaspiseitle WibRatisAVERt afiBast o0 vesBiarer arabRdimEst ¢ ihe gsent process,
following separation of the antisolvent, the extracted solvent is removed from the antisolvent and the

antisolvent is rec?eGiATE S GRISEYH diesho s otk fitHE teRnesiHetnt of antisolvent employed in
the process may be minirnisee:withputsigaiicand asivessrieiiacisvantRrasess RIfGIRBE Yvithor

encapsulgte qu_a{]t .alnr%_. a P%Irlttl ulgr% 1reft%rer%d.g_r(r;obodirglent,ithe ext&acte splvent is effectjvely

removed in a highly ST FSHIGN 8y Fo Y FR 2 Lo BHR AEFHEE SPIRA0E R Bl

components of thetfioldeoorapobitieinasingdésinech ek traotidn witthesdatonipbngnti-framrttey. of

re“rfg?ocﬁﬁsuallﬁs MA%RHAYPHES: The RNPITMEK DR Mayed STeEVEM e th disolvent by
advantage that the fluid composition is not broken upon introduction into the mixing
chamber.

In the present process the fluid composition and the antisolvent are typically
admixed in a weight ratio within the range of 1:1000 to 1:10, preferably in a weight

20 ratio within the range of 1:200 to 1:50.

In the present process contact time between antisolvent and the microcapsules is
preferably kept as short as possible in order to prevent that components (e.g. the active
component) are extracted from these microcapsulates. Typically, average contact time
between microcapsules and antisolvent does not exceed 3 hours. More preferably, said

25 contact time does not exceed 60 minutes. Even more preferably the contact time does
not exceed 30 minutes, most preferably it does not exceed 10 minutes.

According to a particularly preferred embodiment, the microcapsules are
separated from the antisolvent whilst formation of new microcapsules continues. This
may be achieved, for instance, with the help of a cyclone or by collecting the particles

30 in a medium that is immiscible with antisolvent.



10adsorbent or absorbent that adsorbs/absorbs the solvent but not the antisolvent. Alternatively, the
solvent is removed by reducing the pressure or temperature of the solvent-containing antisolvent to
allow the solv%lg)tz%ﬁ}%ndelr]]se. It is also feasible to remove the solvent by using selective membranes.
Following separation ot the antisolvent from the condensed solvent, the anfi& @ﬁ?qg@ﬁéssurised
before being 15recirculated to step a. The fluid composition of the present process is suitably
formed by combining the solvent with the active compbhent, the hydrophobic polymer and optionally

other components, acc nied by isatio . The invention is further
illustrated by means of the #ollfgv%?ﬁge%%r%wﬁn%ﬁﬁé% )2{0 xar%%l@?gé)b(’iﬂ}llgﬁg@ ﬁegdé%élor% Slfé@le
Ethylcellulose (2 #r§isetissbele proncivhw bewickarmied foompanylisokseissd heditito sthaitol (87.3 g)

by dispersing it indhe-seivens aeg @B@h@d&é&@gn@mﬂnge%et%ﬁﬁ@uyﬂ%@aﬁﬂ&%&pwmm&quowed by

sonication for 20 min. Subsequently powdered iron pyrophosphate (1.22 g) having a mean particle
size 30smaller thif BRAFFSWAY BrePErERieehts B Imbrrarh amicHTE arprsereiiisiatvred using
the above mentienedaighi sheas nxing gexieeldary piatiired enlhridispersioawascaRidytransferred
into a syringe pump, Isco(r) 260D, from.which the. dispersion was pumped into a high pressure vessel
via the inside tubge}%?éiave%z)gg%)%?ﬁ ‘F\loazz]l\é\i‘bé?ﬁigﬁhv 2%2‘1.’831@3&5‘?’,‘%1‘88% 0B078X) 2w AY mounted
at the top of the vessele, thedligh pregsucatvessat. lvascd direstinn ahiadreB efarecpumpitigdn the
solution the vessLeCl %18[@??{%% 9]%\{}: 2o 115:0 sing @ membrane pump (Orlite-9). The CO2
entering the high pﬁ(qeffs%suret vesseras ﬁ&é:a{%ég %g 5%\6?%@ %igg'sel was heated to 55C, through an
oil-heated jacket. The vBxs&t s weyipspstovied efSwiintdssrete disimtéxducfiltby, snmiclyiwasrmounted at

the bottom @ the¥gs$eht or absorbent that adsorbs/absorbs the solvent but not the antisolvent.
Alternatively, the solvent is removed by reducing the pressure or temperature of the
solvent-containing antisolvent to allow the solvent to condense. It is also feasible to
remove the solvent by using selective membranes. Following separation of the
antisolvent from the condensed solvent, the antisolvent is repressurised before being
15 recirculated to step a.

The fluid composition of the present process is suitably formed by combining
the solvent with the active component, the hydrophobic polymer and optionally other
components, accompanied by or followed by homogenisation,

The invention is further illustrated by means of the following, non-limiting

20 examples.

EXAMPLES

25  Examplel
Ethylcellulose (2.7g, Ethocel® 100, The Dow Chemical Company) was

dissolved into ethanol (87.3 g) by dispersing it in the solvent and applying stirring
using an IKA® Ultra-Turrax for [ min followed by sonication for 20 min.
Subsequently powdered iron pyrophosphate (1.22 g) having a mean particle size
30  smaller than 5 um, was dispersed into the solution after which the dispersion was
stired using the above mentioned high shear mixing device for 5 min,
The dispersion was rapidly transferred into a syringe pump, Isco® 260D, from

which the dispersion was pumped into a high pressure vessel via the inside tube of a



In total 36.8 ml of dispersion was added to the vessel at a rate of 2.5 mUmin. CO2 was simultaneously
added to the top of the vessel through the outer passage of the coaxial nozzle at a rate of 500 g/min.
The CO2 was ‘{]%mo%%%\éiﬁ a tube the bottom of tothe vessel. The pressure in the vessel was
controlled via 3 Valvé CoRhected to that tube. After spraying the dispersion, the VALEAUAS flushed with
CO2 for another 20 min before pressure was released. A powder predominantly consisting of
microcapsules smaller than 5 um, largely aggregated 1® fibrous material was collected from the filter.
The release of g, TaMhaPARASTRA.ARAINEd WasI eaRtetin WAIRARL I aInE RINHCL
solution by dispersing 50 mg of thé péwder in 20°g water or acid solution, respectively. Samples from
the acid solution fifeYestakam aitieh Pisawg uehsehvasm pleck shy s Reldtarenmfeigltays. Results
are shown in TahigdioT aile dMedismRaselaased RN e 5el6ase (e Qb iiGlp hourl3.015.2%
0.1N HCI - 4 hours29.811.9% Water (neutral) - 8 days0.380.2% 20 Example 2 The iron containing

microencapsulatE Gee& LRSS RusHipiRe Wridppratn v srndeahe Mtk dentdipsitsle powder
was dispersed invtiehasise ausphiasedak e siargaraeutepravidessone of kpmped 2@19.0f margarine. In

the same fashion a.25 margarine c inin .tqe same amount of supplemented iron was prepared
using e nom ortADEITAE FOR 3T DUNOAIHELS BOMAE) HLELBGt R ERRIE TS, Tre
microencapsulate powdetctaildd. 2agihy Demisparsed aldddyvashnotsisibleaimthefhixtubenithe margarine

determined troug e el e o T e SO a Ay TR O B St Sarine. i
contrast, the margatibnesatapiingison-Eicapsn dleciGronmyrspiosghate ddvdispedtamefceptible
off-flavour affer QRlY.eRQId®Ye pressure in the vessel was controlled via a valve connected to that tube.

After spraying the dispersion, the vessel was flushed with CO; for another 20 min

before pressure was released. A powder predominantly consisting of microcapsules

smaller than 5 pm, largely aggregated to fibrous material was collected from the filter.

The release of iron from the powder so obtained was investigated in water and
15 ina0.IN HCI solution by dispersing 50 mg of the powder in 20 g water or acid

solution, respectively. Samples from the acid solution were taken afier lhand 4 h. A

sample from water was taken after 8 days. Results are shown in Table 1.

Table 1
Medium Fe released (ppm) Fe released (%)
0.IN HCI - 1 hour 13.01 5.2%
0.IN HCI - 4 hours 29.8 11.9%
Water (neutral) - § days 0.38 - 0.2%

20
Example 2

The iron containing microencapsulate described in Example 1 was applied in
margarine. The microencapsulate powder was dispersed in the aqueous phase of the
margarine to provide 3 mg of iron per 20 g of margarine. In the same fashion a

25 margarine containing the same amount of supplemented iron was prepared using the
non-encapsulated iron pyrophosphate powder described in Example 1.

The microencapsulate powder could easily be dispersed and was not visible in

the mixture. The margarine containing the microencapsulate remained stable for at least

8 weeks upon storage at 4°C, as determined through the smell and colour of the



5 Example 3 A microencapsulate containing solid iron(lll)pyrophosphate was made as follows:
Ethyl cellulose (Ethocel(r) 100 premium) was dissolved into ethanol by dispersing it in the solvent and
applying stirrir%gous(§£1(981a4(l}li<{6\(r) Ultra-Turrax for 1 in minute followed by sonilg;gti/o'n for /%Qomi_n.
Separately, an aqueous solution was made comprising of 1.85% chitosan SHA A8 Re c acid.
Subsequently line powdered iron pyrophosphate (5%) was dispersed into this acidic aqueous solution.
The dispersion was stirred using the above mentioned high shear mixing device for at least 5 minutes.

Subsequently, the & ‘}’iﬂa‘é?ﬂ’x‘k%i‘?r&%'%@&Mﬁ%ﬂéiéﬁﬂﬁﬂm 198@8&&%8&13&&”8@8%#%@20 flgion using

the above mentioned high shear mixing device for 5 minutes. Upon mixing, an € was formed in
which the iron pyfesixstape: rervdinsdldisperseldrasiystiidskiase. The formed emulsion contained:
1.31% Fe, 0.49% chitosan and 1.1% ethyl cellulose. The emulsion was rapidly transferred into a
syringe pump, Isco(r) 260D, from 20 which the dispersion was pumped into a high pressure vessel via
the inside tube of a coaxial nozzle (Spraying systems(r), 1650/64), that was mounted at the top of the
vessel. The Bighpraasiye vessel was 4 litres in volume. Before pumping in the solution, the vessel
was pressurized with Cg)Z to 125 bar ﬁi_n a {nembra e pum;zg rlita .}'1I'he CPZ enterigk the high
pressure vessel was héated 10 488 e veLBei Was ﬁ%é‘iléao (5 2588 gso\ﬁ%kfl? ﬁw‘r"éalfglﬁa oil-heated
jacket. The vessétwas equipped with a stainless steel sintered filter, which was mounted at the bottom

of the vessel.  In tOt%'m?f?-%ml %Ee{ﬁﬂlﬁk%@’v%@ﬁl?ﬁ&% %%Séf%kéfv%@]aiﬁ?tgf&h /iR, CO2 was
simultaneously added to the top o?t e vessel through the outér passage of the coaxia nozZle at a rate
of 500 g/min. ThéDOPHgat Ferievasd vt a%dsenhansottomnel sonke Vesse| Ulte bragsuietin the

vessel was gontrligd vigigvalysFanesied 1. hakibe Allenapraying.hr disnaisioRathaavessel was
flushed with CO2 for another 15 min before pressure was released. A powder was collected from the

filter. WO 2010/622045peaiNEslodisawa2ad & Basssie 4c1d. Ssqeiesibe Grimsrgest ron
microencapsulatg.ebaingehly (e)prosedire deserbegdnExrmplediwasiinvestigataderdistilled

water and ina 0.1 M 1-IC1 solution by dispersing,20 micrqencapsulate in 20 g water or acid
moluion,respectly S NBATN e SUBC HR Oer S AHSE Dh e h B Ehalysed via
1CP-MS. Samples fronsihe:distilligd thatdrnveridutolected andanalysé d-aftedrel qunahvk bitwsarResults
are shown iPsthe&%Bé‘?sPo‘?f%‘é"inQ"&%i%’&5@ rg’}ec>|11 {iiosnee%. ﬁ%@ﬂ‘gf{ggre ng?pl?nagsggvice for 5 minutes. Upon
mixing, an emulsion was formed in which the iron pyrophosphate remained dispersed
as a solid phase. The formed emulsion contained: 1.31% Fe, 0.49% chitosan and 1.1%
ethyl cetlulose.
The emulsion was rapidly transferred into a syringe pump, Isco® 260D, from
20 which the dispersion was pumped into a high pressure vessel via the inside tube of a
coaxial nozzle (Spraying systems®, 1650/64), that was mounted at the top of the
vessel. The high pressure vessel was 4 litres in volume. Before pumping in the solution,
the vessel was pressurized with CO» to 125 bar using a membrane pump (Orlita). The
CO, entering the high pressure vessel was heated to 48°C. The vessel was heated to
25  48°C as well, through an oil-heated jacket. The vessel was equipped with a stainless
steel sintered filter, which was mounted at the bottom of the vessel,
In total 59.66 ml of emulsion was added to the vessel at a rate of 1 mi/min, CO;
was simultancously added to the top of the vessel through the outer passage of the
coaxial nozzle at a rate of 500 g/min. The CO; was removed via a tube the bottom of
30 the vessel. The pressure in the vessel was controlled via a valve connected to that tube
After spraying the dispersion, the vessel was flushed with CO; for another 15 min

before pressure was released. A powder was coliected from the filter.



0.1N HC1- 1 hour40.450.6 0.1N HCI - 4 hours47.659.5 Water - 4 hours0.00.0 10 Example 5

Chitosan - low molecular weight (1.85%) was dissolved into an aqueous solution of acetic acid (4.8%)
by_ dispersing Wzﬁlf}wl%ﬁtirring it usjng an IRMO UItrgTurrax f(_)r 10 min f@%e&@x/g&gjfgation for 30
min. 15Subsequently fine powdered iron lactate was dispersed into the abové mentioned readymade
solution after which the dispersion was stirred using the same high shear mixing device for at leastl O
min. The dispersion was rapidly transferred into alssyringe pump, 'scot 260D, from which the
dispersion was pggggl%%i@to a high pressure vessel via the inside tube of a 20coaxial nozzle, that was
mounted at the top of thé vessel. The high pressure vessel was 4 litres in volume. Before pumping in
the solution the vessel W&srﬁﬁéé%eﬁf@a%wm EFBRRT ebbdctBPI bR IS mBrecade R R At imp

(Orlitat). The carpon digxidesenigringdhe:high iaressuca «esesl washeated 19 pRG. sbhaivessel was
heated to 50C, through an oil-heated jacket. ;ﬂl’#ée vessel was equipped with a stainless steel sintered
25filter, which waSRi6iHed afthe BERSHTASF e\/é%f?ﬁ. g Wﬁ’ﬁ%ofgl 868G CHH i SHERSEIT Was added
to the vessekat sbuaiplef frmtd thinadhsbbinidioxidewas siraultdnedusly added liedhetofdiNe vessel
through the outet paspade of the Ganial nozzle.at 2 sfe oLy 22,0/min The garon digide was
removed via a tube the bottom of the vessel. The pressure in the vessel was controlled via a 30valve
connected to thaRtubies Afteshsprayinty theldispersion, the vessel was flushed with WO
2010/014011PCT/NL2009/050475 19 CO2 for another 20 min before pressure was released. An iron
lactate-chitosan powder was collected from the filter.

Medium Fe released (ppm) %Fe released
0.IN HCI - 1 hour 40.4 50.6
0.1N HCI ~ 4 hours 47.6 59.5
Water — 4 hours 0.0 0.0

10 :
Example 5 '

Chitosan - low molecular weight (1.85%) was dissolved into an aqueous
solution of acetic acid (4.8%) by dispersing and further stirring it using an IKA® Ultra-
Turrax for 10 min followed by sonication for 30 min.

15 Subsequently fine powdered iron lactate was dispersed into the above

mentioned readymade solution after which the dispersion was stirred using the same
high shear mixing device for at least10 min.
The dispersion was rapidly transferred into a syringe pump, Isco® 260D, from
which the dispersion was pumped into a high pressure vesse! via the inside tube of &.
20 coaxial nozzle, that was mounted at the top of the vessel. The high pressure vessel was
4 litres in volume. Before pwmping in the solution the vessel was pressurized with
carbon dioxide to 150 bar using a membrane pump (Orlita®). The carbon dioxide
entering the high pressure vessel was heated to 50°C. The vessel was heated to 50°C,
through an oil-heated jacket. The vessel was equipped with a stainless steel sintered
25 filter, which was mounted at the bottom of the vessel.
In total 86.70 ml of dispersion was added to the vessel at a rate of lml/min.
Carbon dioxide was simultaneously added to the top of the vessel through the outer
passage of the coaxial nozzle at a rate of 722 g/min. The carbon dioxide was removed
via a tube the bottom of the vessel. The pressure in the vessel was controlled via a

30 valve connected to that tube After spraying the dispersion, the vessel was flushed with



Subsequently, the iron lactate-chitosan powder was further dispersed in a solution comprise of
Ethocel(r) (Dow-Standard 100 premium) in ethanol. The 5 ethylcellulose (Ethocel Standard 100

premium) was dissolved into ethanol in a concentration of 1.5 wt.% by dis ing.it | solvent and
applying stirrisr?gé)ui%%ggr? ]IkAO Ultra-Turrax for 1 min followed by sonicati2[%%Er&%%ﬁgor'ﬂ?rtsft.a %ﬁe dispersion

was rapidly transferred into a syringe pump, Isco(r) 260D, from which the dispersion was pumped
simultaneously with carbon dioxide into a high 10pres§cbre vessel via a heated pipe mounted at the top

of a 4L (in volumeypIEssHiiser VeRaPkoFE HIRg I RIRUABAMI A TomXen it e Q.amy nozzles

(one for the carbon dioxide line and one for the solution line) as described in EP-A 1 494 796. Before
pumping in the mikturelleriearbon Bl -and solution the vessel was pressurized with carbon dioxide

to 120 bar using a mengyiaRg RWIP (RYlital )k clhe.dbearhopdidds anterine the lighearasgure vessel
was heated to 40C. The vessel was heate%l}o 40C, through an oil-heated jacket. The vessel was

equipped with a SEAHIRE SRET Sin Rl &S S RANVAR MG L R TRE BEROM SH1ABYeddd.  In
total 37.44 my of disgesHiomswaEhdoedIadhedessel mtairae ehermikiuine Carbontioxitddwas

simutaneously added vig e, mixerniln & similar 1560 (12900 20 prmp (witn 2 fow. ate o
6mL/min).but also from the top of the big X/esié’ef%l%ug'ﬁ e outer passgg With & Hiow rate of 416
g/min. The carbofKdieXideavasrenfovédniaia tuba! theshoitemrofahédvessel. The pressure in the

vessel was controlled vig,aalve 6AMNRSI0 hatihe Aliet saraying iy disnersion hayessel was

flushed with carbon dioxide for another 20 min before pressure was réleased. An iron lactate-chitosan-

25ethylcellulose poivldrdEsiRECcEd REAPHSMErExEplats carhendiesise BrdRiEdomM the

microencapgylate;eltainedy e IHE%&%SMJ% Aesarited in:Fporaler>was ivesHgatedsndistilled
water and in a 0.1M TIC] solution 30 t% ispersing Q'ngyﬁ%n 20 g of distilled water or acid solution,
respectively. Sanipied fFOfPIRR BRIMASTdaith aAd e 361 BB GO MERFTEREANSHRY 2% and 4 h.

Results are showsartwtheidalilelfelow.one for the solution line) as described in EP-A 1 494 796.
Before pumping in the mixture of carbon dioxide and solution the vessel was
pressurized with carbon dioxide to 120 bar using a membrane pump (Orlita®). The

15 carbon didxide entering the high pressure vessel was heated to 40°C. The vessel was
heated to 40°C, through an oil-heated jacket. The vessel was equipped with a stainless
steel sintered filter, which was mounted at the bottom of the vessel.

In total 37.44 ml of dispersion was added to the vessel at a rate of 6mi/min.
Carbon dioxide was simultaneously added via the T mixer with a similar isco® 260D

20 pump (with a flow rate of 6mL/mm).but also from the top of the big vessel through the
outer passage with a flow rate of 416 g/min. The carbon dioxide was removed via a
tube the bottom of the vessel. The pressure in the vessel was controlled via a valve
connected to that tube After spraying the digpersion, the vessel was flushed with carbon
dioxide for another 20 min before pressure was released. An iron lactate-chitosan-

25 ethyleellulose powder was collected from the filter.

Example 6
The release of iron from the microencapsulate obtained by the procedure

described in Example 5 was investigated in distilled water and in a 0.1M HCI solution
30 by dispersing 0.02 g in 20 g of distilled water or acid solution, respectively. Samples
from the distilled water and the acid solution were taken after 1 h and 4 h. Results are

shown in the table below.



20 MediumFe released (ppm) % Fe released 0.1 M HC1 - 1 hour8.57102.6% 0.1M HC1- 4
hours8.37100.9A Distilled water - lhour0.020.24% Distilled water - 4hours0.597.06% Example 7
Ethylcellulose 1.5 wt.% Ethocelt Standard Premium 100, ex Dow) was 5dissolved into ethanol by
dispersing it in'the Solvent and applying stirring using a IKAO Ultra-Turrax SNt Ysidwed by
sonication for 20 minutes. Subsequently, fine powdered iron pyrophosphate (3%) was dispersed into
the solution after which the dispersion was stirred using the above mentioned high shear mixing device
for 5 minutgs. 10wcedidui§})ers.ion was rapidly tra@ﬁ%@%ﬂ?% a sy%gg ]%yegsgalscoo 260D,_from which
the dispersion wa d |£éo a high pressure vesiegv e ongd p£e ngV|ded on top with a two
nozzle (each of 0. %rﬁi P¥s described in EP-A1/494 796. Froth ¥fte nozzle of the T mixer the
Fe-pyrophosphatd-$spEhsibRar Ethocel solution wasBumped and #8 the opposite nozzle CO2 was
pumped into the B Hpe2%e IBRIGh pressure ves8diivas 4 litres fh35fume. Before pumping in the
solution the vess&l S GPELE i ZBRith CO2 to 120%1 using a mef¥4ne pump (Orlitan The CO2
entering the high pressure vessel was heated to 40C. The vessel was heated to 40C, through an
oil-heated jacket. The vessel was equipped with a stainless steel sintered filter, which was mounted at
the bottom of thelzsgst P0In total 120 ml of dispersion was added to the vessel at a rate of 6 mUmin.
CO2 was simultaneousiy,added;10.h topsofiie RiReuith.a 118l 3ot iRh 7l tbrough the outer
passage of the 4Lvessel with a rate of 25 kg/h. The CO2 was removed via a tube the bottom of the
vessel. The presdipelyediatystsephhysiepstoned Hahs seiNaicshityin tostiiab supegdter spraying the
dispersion, the vegaeb was.ftrshed mith G4 2RianAN0lberdR.min RefareessusatNaRLtpigased. A

powder was collected from the filter. ‘ . . _ .
fine powdered iron pyrophosphate (3%) was dispersed into the solution after which the

dispersion was stirred using the above mentioned high shear mixing device for 5
minutes.

10 The dispersion was rapidly transferred into a syringe pump, Isco® 260D, from
which the dispersion was pumped into a high pressure vessel via a long pipe provided
on top with a two nozzle (each of 0.1mm) T mixer as described in EP-A 1 494 796.
From one nozzle of the T mixer the Fe-pyrophosphate suspension in Ethocel solution
was pumped and from the opposite nozzle CO; was pumped into the long pipe. The

15 high pressure vessel was 4 litres in volume. Before pumping in the sofution the vessel
was pressurized with CO; to 120 bar using a membrane pump (Orlita®). The CO;
entering the high pressure vessel was heated to 40°C. The vessel was heated to 40°C,
through an oil-heated jacket. The vessel was equipped with a stainless steel sintered
filter, which was mounted at the bottom of the vessel.

20 In total 120 ml of dispersion was added to the vessel at a rate of 6 ml/min. CO;,
was simultaneously added to the top of the pipe (with a rate of 15mL/min) and through
the outer passage of the 4L.vessel with a rate of 25 kg/h. The CO, was removed via a
tube the bottom of the vessel. The pressure i the vessel was controlled via a valve
connected to that tube. After spraying the dispersion, the vessel was flushed with CO,

25 for another 10 min before pressure was released. A powder was collected from the
filter.

SEM micrographs of this powder are depicted in Figures 1 and 2. These

micrographs show that the microencapsulate comprised agglomerates of spherical

micronic-nano particles.



SEM micrographs of this powder are depicted in Figures 1 and 2. These micrographs show that the
microencapsulate comprised agglomerates of spherical micronic-nano particles. WO
2010/014011PCT/NL2009/050475 21 Example 8 A water insoluble microencapsulate containing a
phospholipid R B AP H e source as the active component was made aE oL Rt 2an (1%)
was dissolved into an aqueous solution of acetic acid (0.5%) by 5dispersing and further stirring it using
a IKA(r) Ultra-Turrax for 10 min. The solution was thert'warmed with a hot water bath to approximately
40-50 C and mal}i%q%g{grgMDZO (7%) was subsequently added and dissolved by stirring with a stirrer
for 10 min and further stirring using the same high shearing device for 5 min. The marine oil (2%) was
then added to the aquedusaésimsolladnthie Sshito i asomined withotrb Samda inlgbi tbshearing device

for 5 min to form.an RN WAL MUIRIAV: compaBRAiately AL fMiRg. the emulsion was transferred

into a high pressure syringe pump from which the dispersion was pumped into a high pressure vessel
via the inside tube of a EBHAP Ab2Y e 1S NHEHER ARG RS RS 87 e vt e HibPpressure

vessel was 4 litrepspenaldmel Beferenumpingindheselotionthevesset WesikSTHEssUged with
carbon dioxide to 150 bar using a membrane . The carbon dioxide entering the high pressure
vessel was heat%fﬁ?&&%ﬁ%%%ﬁgﬁ%‘g%%%%{ép% %&Wﬁtﬁghgg'r?@il- a%%ggafé%? %ﬁ*he vessel
was equipped witiiz2stéitdess stebicsintetigd diter andhicholas myouintag atifihe hottodmof thawvessel. In

total 38.65 ml of di(?ggrt icotﬁqyas added to the v s%el at a rate of 0.75 niléglni?ﬁ]ezg%%rlg%rﬂ (&'QO ide was

. g SUITHE US the same High shearin vIiCe for 5 nin. .
S|multaneously aoP o the tOng]% tlﬁg vessel t r%ug tﬁegouter passage o e coaxial nozzle at a rate

of 500 g/min. Theveaiwradioditeiwagurembsadtivia zndibe thetiottom vittewds e sThe jedssure in
the vessel was c%gunggc@fgggl&&qgq&%e&t&;;ﬁg%@pcm%gpraying the dispersion, the vessel

was flushed with CO2 for another 20 mm before pressure was released. An oil/chitosan/MD20 powder
25was collected from tHEMRERITFiafsE MirdPSchtamuds pRrany e fraedita a hinb stesure

syringe pump, from which the dispersion was pumped into a high pressure vessel via
the inside tube of a coaxial nozzle, that was mounted at the top of the vessel. The high
pressure vessel was 4 litres in volume. Before pumping in the solution the vessel was
15 pressurized with carbon dioxide to 150 bar using a membrane pump. The carbon
dioxide entering the high pressure vessel was heated to 40°C. The vessel was heated to
40°C, through an oil-heated jacket. The vessel was equipped with a stainless steel
sintered filter, which was mounted at the bottom of the vessel.
In total 38.65 ml of dispersion was added to the vessel at a rate of 0.75 ml/min.
20 Carbon dioxide was simultaneously added to the top of the vessel through the outer
passage of the coaxial nozzle at a rate of 500 g/min. The carbon dioxide was removed
via a tube the bottom of the vessel. The pressure in the vessel was controlled via a
valve connected fo that tube. After spraying the dispersion, the vessel was flushed with
CO; for another 20 min before pressure was released. An oil/chitosan/MD20 powder
25 was collected from the filter. This powder contained virtvally no free fat, i.e. most of
the fat was effectively encapsulated in the chitosan/MD20 matrix,
| Subsequently, the oil/chitosan/MD20 powder was dispersed in an ethanolic
solution of ethylcellulose (Ethocel®, Dow-Standard 100 premium) using a IKA®
Ultra-Turrax for 1 min, followed by sonication for 20 min. The dispersion so obtained
30 contained 2.3 wi.% of the otl/chitosan/MD20 powder and 1.5 wt.% of ethylcellulose.
The latter dispersion was rapidly transferred into a syringe pump from which
the dispersion was pumped simuitaaeéusly with carbon dioxide into a high pressure

vessel via a heated pipe mounted at the top of a 4L (in volume) pressurised vessel. The



the fat was effectively encapsulated in the chitosan/MD20 matrix. Subsequently, the
oil/chitosan/MD20 powder was dispersed in an ethanolic solution of ethylcellulose (Ethocel(r),
Dow-Standard_100 premium) using a 1KA(r) Ultra-Turrax for 1 min, followed by sonication for 20 min.
The dispersioﬁvgozg%){g}ﬁﬂeid 30contained 2.5 wt.% of the oilichitosan/MD20% BES wt.% of
ethylcellulose. The latter dispersion was rapidly transferred into a syringe pump from which the
dispersion was pumped simultaneously with carbon digxide into a high pressure vessel via a heated

pipe mounted at the, top. n: or i essel. I 2 pipe was provided. with a T
er with a 0.3 R e e e R A0 e

described in EP-#ainkps srad iBate feopilin hify i deschifivture BT-datbtid dixidisandrdispersion the
vessel was pressyrizad With carhon digxideta 4iZ0-RarUsing.3MeRIBEARS, RUMR. i fREPon dioxide

entering the high 5 pressure vessel was heated to 40C. The vessel was heated to 40C, through an
oil-heated jacket HPREIG &SSP R Ega B FEa IR £ Sl cetber drtdfs diraraitidnalas mounted at

the bottom of thepvassrl vessel WistREAG0 40t Of HispessioRwaraddeddy thewasselaba rate of 6
essure
)

mUmin. Carbon dioxide was simultaneously added via the Tmixer with a similar high. pr
Osyrings pump (30 S e 6 TRORA AR A o RS 5 RIS SSeR BB the outer
passage with a floaurate aftdd Bogromirnf Tiirevearbdon dioxide was removed via a tube the bottom of the

vessel. The pressure in fig yepseh s conitalied via aalve sonnscie o that fubie fter spraying the
dispersion, the vessel was % Ushed with carbon d}oxwﬁeq‘or another 20 min before pressure was

released. A free flewirgdisailfchitosanMDRostyided lulodee Jonwder widls Tetiabtell fropretivere
filter-Microsa:@pics%ﬂxajﬁrﬁgv(@@mw%em%9/}491&%0&_{%& s RGeS WASrHmaligt thag 15 um.  The
i

powder neither had an oily smell in a dry state nor roduce such a smell or taste after being

|
dispersed in Watgﬁ%ﬁér%&ﬁ?%ﬁ%%m%aaﬂ%‘w%ﬁ&f@aﬁ@éﬁﬁh?@ﬁ firakorbfkierdel Wiaten the powder
is dispered in an@gigvagueous5oEaBhayigR 208 afhl. Brbxampledvesse EXAMRplaSwas

repeated, except that this time, instead of a dispersion of on lactate, an agueous dispersion of 0.1%
tricalcium phospl4té TFeTES9BTFRIGEIPI8¢d 'oggﬁf)baﬁéflﬁ%tlﬁ ‘asﬁﬁfé’fjbe%ﬁc‘fésﬁ%ﬁlfaﬁ e dource was

prepared. In additioh carbon dioxide for another 20 min before pressure was released. A free flowing
15 oil/chitosan/MD20/ethylcellulose powder was collected from the filter. Microscopic
analysis revealed that over 90 vol.% of the particles was smaller than 15 pm.
The powder neither had an oily smell in a dry state nor did it produce such a
smell or taste after being dispersed in water. Microscopy and Raman analysis revealed
that oil was released when the powder is dispered in an acid aqueous solution having a

20 pHof1.5.

Example 9

Example 5 was repeated, except that this time, instead of a dispersion of iron

lactate, an aqueous dispersion of 0.1% tricalcium phosphate (release trigger
25 compenent) and 1% of a bitter peptide from a dairy source was prepared. In addition,
no chitosan was added and the concentration of acetic acid was changed to 3 %.

The powder obtained by spraying the aforementioned dispersion into the vessel
containing highly pressurized carbon dioxide, was subsequently coated by dispersing
the powder into an ethanolic solution of ethylcellulose, thereby producing a dispersion

30 containing both components in a concentration of 1.5 wt.%, and by further processing
this dispersion as described in Example 5.
A fine free-flowing off-white powder was produced that did not taste bitter,

acidic or salty. Also a dispersion of the powder in water of neutral pH was found to be



no chitosan was added and the concentration of acetic acid was changed to 3 %. The powder
obtained by spraying the aforementioned dispersion into the vessel containing highly pressurized
carbon dioxide, was subsequently coated by dispersing the powder into an ethanotic solution of
ethylcelIulose,‘?lg?ezr(gﬂg?lﬁ%aucing a dispersion 30containing both componeﬁ&Tﬁ%@gﬁégﬁﬁaﬂon of 1.5
wt.%, and by further processing this dispersion as described in Example 5. A fine free-flowing
off-white powder was produced that did not taste bittef?acidic or salty. Also a dispersion of the powder
in water of neutral ph.wasfoui . be O FOAIOARIEGTIN2P091050475,93 Lpsicless. This
powder is stable in aqueous environment of ne ral pI—CI,Eu? releases the eRcépsu ate pep(ilde when
brought into a high#ysldiedpmédasyhraditmehgivteit 0o iaRiPCTUNIULEOITCPTero EPO - DG 2
2431 05. 2010 CLAIMS I. A microencapsulate comprising at least 40 wt.% of microcapsules having a
diameter of 0.1 pm to 25 gm and containing at least 1 wt.% of an active component $selected from
minerals, vitamins, carotenoids, polyunsaturated oils, pharmaceutically active components,

flavourings, proteins, peptides, amino acids,



micro-organisms and combinations thereof, said microcapsules comprising: - a core particle having
diapgiee SEARTITBERA3 pm. representing 1-78iapRie microsepswe 2000 PUERRGABISTHET A
the' a“t‘:’f'l'\“/"é'“Co’Fﬁpd‘ﬁé“ﬁt'“by weight ioof said core particié: and - a coating that fully envelops tr
particle, representing 25-99 wt.% of the microcapsule and containing at Iemu%gah@rophobic
polymer selected from cellulosic ethers, cellulosic esters, zein, shellac, gluteéh, pdlylactide,
hydrophobic starch derivatives, polyvinyl acetate polymers, 15polymers or copgl rs«gegived from an
acrylic acid ester and/or a methacrylic acid ester and coml‘?iﬁations thereof; wherein“thé core particle
‘contains 5-90% byGhk&iB¥iEof the core particle of a release trigger component an coating
gco'ntains 3-100%. by weight of the hydrophobic polymer of a release trigger com 7 said release
.trigger 20component being selected from: a water-swellable amino-group contajning polymer that
carries a positive dharyEiSreRIEARSYIAtCSAtRTRS & feart AL ol APITERAARTUSY dRYiN% Rake capacity at
37 C and 7.0 of less thuheierwi.§0 amel :a 16316l dhgtakeAapacityeast3/va. Bl pirk2tod@hpeasito0 wt.%;
and 25an edible salt h vin% agwater. s%hlbilit at 37C argd(%(gH 0 7h% cg?lgt%g gﬁ%n 1 mg/ml and a water
solubility at 37¢ and zi%f—vlt 4 GoParraSst mﬂ‘é‘fm??‘? Tﬁlcroé%cg‘f)su ate according to claim 1, wherein
at a temperature of 3 pl@r(ialret chilnabiX <46 ot thecatsi fe compgsn pratésnse epsddswithincla¢idur when 20
mg of the 30 mlcroer}(ﬁcﬁ?ﬁ% s':r:g'§Bc?E%%iﬂaggd?h%ﬁ-éaﬁt%%’dﬁ@ﬁ%aﬁgﬂéé');&Hﬁ'ﬁfﬁ >% of the active

component is release L hour when 20 mg of the microencapsulate is dispersed in 20 ml of

distilled water of which ErfesHaRiedRInAAERESRIPOMOVHIHRCTPERRREES. 572 BERANCy

the microcapsule and containing at least 3% of the active component by weight

10 of said core particle; and
- a coating that fully envelops the core particle, representing 23-99 wt.% of the
microcapsule and containing at least 20 wt.% of a hydrophobic polymer
selected from cellulosic ethers, cellulosic esters, zein, shellac, gluten,
polylactide, hydrophobic starch derivatives, polyvinyl acetate polymers,
15 polymers or copolymers derived from an acrylic acid ester and/or a methacrylic
acid ester and combinations thereof;
wherein the core particle contains 5-90% by weight of the core particle of a release
trigger component and/or the coating contains 3-100% by weight of the
hydrophobic polymer of a release trigger component, said release trigger
20 component being selected from: ‘
- a water-swellable amino-group containing polymer that carries a positive charge
at acidic pH, said water-swellable polymer having a water-uptake capacity at 37
°C and pH 7.0 of less than 20 wt.% and a Watcr-uptake capacity at 37 °C and pH
2.0 of at least 50 wt.%; and
25 - anedible salt having a water solubility at 37 °C and a pH of 7.0 of less than !
mg/ml and a water soiuﬁility at 37 °C and a pH of 2.0 of at least 5 mg/ml.

2. Microencapsulate according to claim 1, wherein at a temperature of 37 °C (i) less
than 0.2 % of the active cdmponent is released within 1 hour when 20 mg of the
30 microencapsulate is dispersed in 20 ml of distilled water and (ii) at least 5% of the
active component is released within 1 hour when 20 mg of the microencapsulate is
dispersed in 20 ml of distilled water of which the pH was previously adjusted to 1.0
with HCL
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PCT/NL 2009/C3M: 25 Microencapsualte according to claim 1 or 2, wherein the microencapsulate

eih'tbﬁﬁf@@: eigagssaron efficiency of more thsig roencapéql-lfm_aggg@}

e ;
e B ol

claims, wherein the hiydrophobic polymer and the reléase trigger component togeth
least 90%, preferably at least 95% by weight of the coating. Microencapsulate according to any one of
the preceding claims, wherein the release trigger component contained in the coating is the
water-swellable polymer. Microencapsulate according to any one of the preceding claims, wherein the
waterswellable polymer is selected an amino-group containing polymer, preferably an amino-group
containing polymer selected from chitosan, aminoalkyl methacrylate copolymers, polyvinyl
aminoacetate and gohinatipashsreptMisloRNERUIIScRerdine ARk ane Al ihe BiRseding
claims, wherein the edible salt'is selected from carbonates, phosphates, citrates, oxalates, succinate,
fumarate and combin&iAeaseleion pifissart ahaERd a8 &3rliing to any one of the preceding claims,
wherein the active component is water-soluble and/or water-dispersible. Microencapsulate according

to any one of the p ecﬁt(;in claims, wherein th tive 25companent is selected from minerals,
tamine, probibtich: eUSTRERRIAE AN © eer 0 AL CLRetr B e PYTRRIRY i zcive
component in a matripdgmarisih e feicsephepic pohmrentsogd thetinapesenpanenitSditg selected from
minerals, 30vitamins,é@f&%@fg@%&gpb@ﬁ@twéﬁq glﬁmgggﬁ%gceutically active components,
flavourings, proteins, peptides, amino acids, micro-organisms and combinations thereof and said
hydrophobic polymer being selected from cellulosic ethers, cellulosic esters, zein, shellac, gluten,
polylactide, hydroghoRiscsiatedp slgatsaldvesi AMMEMS bR o thdprdddeinrialRey) inaiely aleR (kAL

2009/0047 21:109/65074751: 0 e ..
10 trigger component contained in the coating is the water-swellable polymer.

& AFPECaRN

6. Microencapsulate according to any one of the preceding claims, wherein the water-
swellable polymer is selected an amino-group containing polymer, preferably an
amino-group containing polymer selected from chitosan, aminoalky! methacrylate

15 copolymers, polyvinyl aminoacetate and combinations thereof.

7. Microencapsulate according to any one of the pfeceding claims, wherein the edible
salt is selected from carbonates, phosphates, citrates, oxalates, succinate, fumarate
and combinations thereof.

20
8. Microencapsulate according to any one of the preceding claims, wherein the active

component is water-soluble and/or water-dispersible.

9. Microencapsulate according to any one of the preceding claims, wherein the active
25 component is selected from minerals, vitamins, probiotics, enzymes and

combinations thereof,

10. A process of encapsulating an active component in a matrix comprising a
hydrophobic polymer, said active component being selected from minerals,
10 vitamins, carotenoids, polyunéatura,ted oils, pharmaceutically active components,
flavourings, proteins, peptides, amino acids, micro-organisms and combinations
thereof and said hydrophobic polymer being selected from cellulosic ethers,

cellulosic esters, zein, shellac, gluten, polylactide, hydrophobic starch derivatives,
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126 polyvinyl acetate polymers polymers or copolymers derlved from an acrylic acid ester and/or a
methiatnyiic ssidesiapand combinations theregf esse o} fl F DOSHH
comglér/]aghaf Tﬁé“é“f“SO@svt % of solvent, 0.1-20% W"t“% of‘ issolved hy%ﬁo%(%pg rﬁer“an g
wt.% of a dispersed active component; and an antisolvent that is gaseous at atmospheric pressure,
said antisolvent having a pressure of at least 70 bar, said solvent being soluble in or miscible with the
antisolvent, said hydrophobic 10 polymer and said active cogyponent being insoluble in the
antisolvent, and said hydrophobic polymer having a water solubility at 20 C of less than 0.1 mg/ml;
wherein the process @ofpirisbectirispRiyansh edtamrolr acpdrmimdgnnedifimounipodieridind the
antisolvent so as to aghieye A.cARUHRR9TSUBRS SRIUANRAmbRRBHE GiRialNgARS-fa¥eophobic polymer
onto the dispersed active component to produce microcapsules in which the active component is fully
enveloped by a coatlr?ﬂ‘Pé%XH‘ﬁwlcrocapsules having a volume weighted average diameter of between

10 rim and 25 (ijm C. C?'@ﬁﬂﬂ&ﬂﬁ%&i@f&p&ﬁﬁ%}%&@% IS2RIEING, hesiliam ﬁigﬁmrlwm\&de? 11.
Process according to claim 10 solyentis s alkangls, CI-C4 dials,
Cl-Ca triols, water and c 'ﬁ%B#H&‘E.EHé n&f%bﬁ‘po v ) aﬁ?oécgézga{gc i r?&zi(gﬁ%ﬁfﬁe FW¥erein the
solvent is selected from methemal; ak&thanol, n-propanol, iso-propanol, water and combinations

thereof. 13. Process according t Q fclglm§ 10- 12 wherein the anti olve t is.a supercritical or
hi
near critical fluid. 3014. @oc%%s%%%%l mg%%s%ntif %ne 0 a?%cspﬁ)ssj'gg’vvﬁlégrseln rle Ltﬁh coﬁ1posmon
pressure of at least 70 bar,

said solvent being soluble in or miscible with the antisolvent, said hydrophobic
10 polymer and said active component being insoluble in the antisolvent, and said
hydrophobic polymer having a water solubility at 20 °C of less than 0.1 mg/ml;
- wherein the process comprises the successive steps of:
a. combining the fluid compesition and ﬁhe antisolvent so as to achieve a condition
of super saturation;
i5 b. precipitating the hydraphobic polymer onto the dispersed active component to
produce microcapsules in which the active component is fully enveloped by a
coating, said microcapsules having a volume weighted average diameter of
between 10 nm and 25 um,

c. collecting the microcapsules and separating them from the antisolvent.

20
11. Process according to claim 10, wherein the solvent is selected from C,-C, alkanols,
C;-C4 diols, C;-C, triols, water and combinations thereof.
12. Process according to claim 11, wherein the solvent is selected from methanol,
25 ethanol, n-propanol, iso-propanol, water and combinations thereof.

13. Process according to any one of claims 10-12, wherein the antisolvent is a

supercritical or near critical fluid,

30 14. Process according to any one of claims 10-13, wherein the fluid composition
| additionally contains a dissolved or dispersed release trigger component in an
amount of 1-100% by weight of the hydrophobic polymer, said release trigger

component being selected from:

304 AMENDED SHEET ' 31055010



additionally contains a dissolved or dlspersed release trigger component in an amount of 1 100% by

faha-fayde ic polymer, said releagg:isEgetsgmpon BNGAMENDED
EEEIL AT 81%82 P.PrOd CtitgtitAlar))PC T/ N "o"% 9/0# 3"5%? N&%%‘g%%?
Water -swellable polymer having a water-uptake capacity at 37 C and pH 7.0 of less than 20 wt.% and
a water-uptake capacity at 37C and pH 2.0 of at least 50 wt.%; and an edible salt having a water
solubility at 37 C and a pH of 7.0 of less than 1 Smg/ml and a water solubility at 37 C and a pH of 2.0
of at least 5 mg/ml. 15. Process according to any one of claim€ 10-14, wherein the process yields a

microencapsulate accerdingateramyitabie ghiyaimddvihglkOwater-uptake capacity at 37 °C and pH 7.0
of less than 20 wt.% and a water-uptake capacity at 37 °C and pH 2.0 of at least
50 wt.%,; and | _
- an edible salt having a water solubility at 37 °C and a pH of 7.0 of less than ]
5 mg/ml and a water solubility at 37 °C and a pH of 2.0 of at least 5 mg/ml,

15. Process according to any one of claims 10-14, wherein the process yields a

microencapsulate according to any one of claims 1-9.

10
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